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Foreword 





The International Agricultural Development Service is pleased 
to add this book to ‘ts series of development-oriented literature. 
It is the first comprehensive work on cassava. one of the world’s 
most important food crops. 

Until quite recently, cassava was hardly known outside of the 
tropics. Since it was not a significant export crop, nor was it 
grown in developed countries, it attracted little attention from 
scientists before the founding of CIAT (Centro Internacional de 
Agricultura Tropical) in Colombia and IITA (International In- 
stitute of Tropical Agriculture) in Nigeria in the 1960s. These 
two international agricultural research centers have done extensive 
experimentation with cassava and have stimulated casseva re- 
search throughout the world. Consequently. knowledge about the 
crop has expanded at an impressive rate. 

But in fast-moving fields. researchers rarely pause to synthesize 
and sum up the new knowledge. In the foreword to one of the 
first books in the IADS development-oriented literature series. 
the late Sterling Wortman wrote: 


Most agricultural literature... is in fragments. scattered over 
a wide range of journals and other publications. One cannot 
obtain a comprehensive view without resorting to the study of 
many narrow articles in numerous publications. ... There are 
scores of commodities and problem areas for which compre- 
hensive presentations of available information are needed. written 
in language understandable to both scientists and nonscientists. 
[Robert F. Chandler. Jr. Rice in the Tropics (Boulder, Colo.: 
Westview Press. 1979). pp. xv-xvi] 
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xiv Foreword 


This book explores a vital agricultural topic and well exemplifies 
the kind of exposition that Sterling Wortman envisioned: practical, 
authoritative, up-to-date. IADS is grateful to CIAT for giving 
the author, James Cock, time to write this book. Dr. Cock is 
a plant physiologist who began his research career with work 
on dwarf wheats and rice. He founded CIAT’s cassava program 
and has gained prominence as one of the world’s leading cassava 
researchers. 

IADS expresses its appreciation to GTZ (German Agency for 
Technical Cooperation) for providing partial funding for the 
development of the book. 


el. Colin McClung 
President. International Agricultural 
Development Service 


Preface 





Growing food deficits are of great concern to all who ure 
interested in the welfare of millions of people living in poverty 
in the third world. Attempts to resolve the problems of food 
production have placed great emphasis on increasing the pro- 
duction and productivity of grain crops. but little attention has 
been given to crops such as cassava. which are produced only 
in the trupics. 

Among crops produced in the tropics. cassava is the fourth 
most important source of calories for humans. It is particularly 
noteworthy as a basic energy source for food, animal feed, and 
industrial uses that can be produced on marginal agricultural 
lands. 

Information on cassava is scattered through an enormous array 
of publications. reports, and other documents published in 
numerous languages, making it difficult for agricultural officials 
and government planners to rapidly obtain a clear picture of 
the crop’s potential and problems. It was for this reason that I 
was invited by the International Agricultural Development Service 
(IADS) to write this book. which describes the crop and its 
uses, the technology available for its production and processing, 
and the essential features of successful development programs. 

Chapter | describes the crop and quantifies its importance. 
Chapter 2 sets forth the uses of cassava and the various methods 
of processing the crop after harvest. Chapters 3 and 4 are devoted 
to present production practices and the components of technology 
that can be used to increase productivity. Chapter 5 summarizes 
recent deve,opments in post-harvest handling. Chapter 6 analyzes 
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several cases in which cassava production has been increased 
and sets out a framework for the successful implementation of 
cassava development projects. Chapter 7 describes the crivical 
features of national cassava programs with special reference to 
research and government policy issues. 

1 am grateful to the LADS for inviting me to write this book 
and to Steven Breth of [ADS for assisting in all stages of the 
production of this book and editing the final version. 

The Centro Internacional de Agricultura Tropical (CLAT) 
provided me with a sabbatical vear during which most of the 
writing Was completed. In addition, members of the CLAT cassava 
program staff provided me with information and assistance in 
the development of the book. fam parti ularly indebted to John 
Lynam. who provided much of the information and helped in 
the dratting of Chapter 7. 

The original manuscript was reviewed by Barry Nestel, private 
consultant: W. O. Jones of the Foed Research Institute. Stanford 
University: and Bede Okigbo of the International Institute of 
Tropical Agriculture. The valuable comments of the reviewers. 
particulariy with respect to cassava in Africa. were incorporated 
into the later drafts, 


James H. Cock 
Cali. Colombia 


Introduction 








Among tropical crops, cassava, rice. sugarcane, and maize are 
the most important suppliers of calories. Until recently, however. 
decision makers concerned with agriculture in developing ccun- 
tries overlooked cassava. Owing to widely held misconceptions 
about the crop. only small amounts of funds have been allocated 
to cassava research and development. This book attempts to 
demonstrate how cassava, through sustained research and im- 
proved production methods. can contribute to improving the 
diet and livelihood of millions of people. Cassava is grown mainly 
by small farmers with laber-intensive methods. Although con- 
sumption is highest in rural areas, cassava should by no means 
be regarded as purely a sudsistence crop—miost cassava is sold 
or traded outside the farra where it was produced. In the lowland 
tropics. cassava. particularly in dried forms. is often the cheapest 
source of calories. and rew growing methods promise to reduce 
the cost even further. 

Cassava is sometimes disparaged as an undesirable food that 
contains little besides carbohydrate. But in many developing 
countries. calories are in fact the paramount nutritional shortage. 
The cyanide present in raw cassava is a drawback. but among 
millions of cassava consumers worldwide. chronic cyanide toxicity 
occurs only in certain areas of Africa. In those areas. it appears 
to be associated with severely deficient diets combined with an 
underprocessing of cassava. The remedy certainly does not lie 
in condemning cassava. but rather. in improving overall nutrition 
and in more adequate processing. 


to 


Introduction 


Marketing is a majer problem with a perishable crop like 
cassava. The demand for cassava as food in a locality may be 
quickly saturated if production increases sharply and no alter- 
native use exists. The development of small enterprises 10 produce 
dried cassava for use in animal feed can help stabilize the price 
of cassava as well as create employment and save foreign exchange. 

Although the merits of cassava are becoming recognized, it 
is often feared that expanding cassava production will degrade 
soil fertility, particularly on marginal soils. Cassava depletes soils 
no more than other crops. It does. however, have the ability to 
grow on already depleted soils, which is one of its great advantages, 
This characteristic. combined with its high production potential, 
points to the bright prospect that cassava offers as a basie energy 
source from marginal land in the tropies. 


| 
Cassava: The plant 
and its importance 





Cassava is a starchy root crop that is grown almost entirely 
within the tropics. Although it is one of the most important 
food crops in tropical countries (see ‘iable 1), it is little known 
elsewhere. and within the tronics, it is often considered to be 
a low-grade subsistence crop. 


World production 


In the 1979-1981 period. world production of cassava was 
about 120 million tons annually. Since the cassava root is about 
63 percent water. that production level vields about 42 million 
tons of dry matter, which is equivalent. in energy terms. to 40 
to 30 million tons of grain. Because much of the cassava grown 
is produced by small farmers in marginal agricultural areas and 
because most of ii does not enter commercial marketing channels. 
itis difficult to obtain data on production. Food and Agriculture 
Organization (FAO) statistics are the best available guide to global 
production: however errors in the estimet.s5 for individual coun- 
tries can be quite large. FAO figures for Brazilian production. 
for example. are much greater than estimates obtained from data 
i Brazil’s agrienural census. From 1960 to 1980, world output 
of casseva rose at about the same rate as population, Almost 
all the gain has been due to expansion in planted area: yields 
have changed little. 

Africa. though it has slightly more than half the world’s cassava 
land. produces only 37 percent of the world crop. FAO estimates 
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Table 1 
Staple crops as sources of calories in human diets in the tropics and 
worldwide (in billion kcal/day) 





Crop Tropics World 
Rice 924 2043 
Sugar (cane and beet) 3ti 92€ 
Maize 307 600 
Cassava 172 178 
Sorghum 147 208 
Millet 128 204 
Wheat ~ 1008 1877 
Potato 54 434 
Banana 32 44 
Plantain 30 30 
Sweet potato 30 208 


Source: FAO, Fuod balance sheets 1975-1977 average (Rome, 1$80). 


@Excluding Brazil. Mexico, and India. as the major wheat production zones of thuse 
countries are Outside the tropics. 


show that yields have been nearly constant at 6.4 t/ha in recent 
years. but between 1969-1971 and 1980. plantings increased 
from 5.8 million hectares to 7.3 million hectares, and annual 
production climbed from 39.4 million tons to 46.5 million tons, 
Zaire. Nigeria, and Tanzania are the major African cassava 
producers. Average yields in those countries range from 9 t/ha 
in Nigeria to less than 5 t/ha in Tanzania (see Table 2). 

Asia accounts for only 27 pereent of the world cassava area, 
but it produces 37 percent of the crop. Yields vary from less 
than 8 t/ha in Vietnam to over 16 t/ha in India. Increasing 
Asian output during the last 20 vears has been due mainly to 
expansion in Thailand. Production in Thailand grew from less 
than | million tons in 1957 to 4 million tons in 1972 to an 
estimated 17.9 million tons in 1981. The second largest producer 
in Asia 1s Indonesia, which harvests over 13 million tons annually. 
Its land area in cassava had declined slightly in recent years, 
but gains in vields. which now average about 9.6 t/ha. have 
more than compensated for that decline. Another important 


Table 2 
Cassava production in Africa, Asia, and the Americas and selected countries, 
1979-1981 average 


i 





Area Yield Production 
(mil'ion ha) (t/ha) (million tons) 
Africa 7.32 6.4 46.44 
Zaire 1.82 6.8 12.40 
Nigeria 1.18 92 19.83 
Tanzania 0.94 4.9 4.60 
Mozambique 0.60 4.6 2.78 
Angola 0.13 14.2 1.85 
Ghana 0.23 8.0 1.80 
Madagascar 0.28 6.0 1.67 
Uganda 0.41 3.4 4.39 
Burundi 0.08 15.4 1.18 
Cameroon 0.23 43 1.00 
Central African Republic 0.33 3.0 0.99 
Ivory Coast 0.22 3.5 0.75 
Kenya 0.08 7.9 0.64 
Congo 0.08 6.6 0.53 
Togo 0.03 16.2 0.45 
Asia 3.80 11.6 43.97 
Thailand 1.00 14.4 14.54 
Indonesia 1.42 9.6 13.67 
India 0.35 16.7 5.90 
Vietnam 0.46 7.3 3.38 
China 0.24 13.0 3.06 
Phitippines 0.20 11.5 2.28 
Sri Lanka 0.06 9.5 0.52 
Malaysia 0.04 10.1 0.37 
South America 2.55 11.7 29.90 
Brazil 2.07 11.8 24.47 
Colombia 0.21 9.8 2.07 
Paraguay 0.13 14.9 1.97 
Peru 0.03 11.4 0.40 
Venezuela 0.04 9.5 0.36 
Bolivia 0.02 12.4 0.22 
Central America and the 
Caribbean 0.15 6.0 0.90 


Source: FAO, Production yea:pook (Rome, 1981). 
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Asian producer is Indiz. Production has expanded markedly over 
the last few years in southwestern India. the primary growing 
area, due to increases in yields. which now are 16 to 17 t/ha. 
These high yields have been achieved despite soils that are very 
acid and infertile. 

In the Western Hemisphere. Brazil dominates the production 
of cassava, accounting for four-fifths of the cassava in Latin 
America and one-fifth of world production. Cassava is grown 
throughout Brazil—in the hot. humid jungle of the Amazon 
basin. in the dry areas of the Northeast. and in the cooler 
southern areas including part of Rio Grande do Sul where there 
are frosts and even occasional snow. Brazilians grow cassava for 
food. animal feed. and industrial uses. In the 1970s. yields 
declined front 14 t/ha to less than 12 t/ha. and total production 
decreased slightly to 2S million tons a year. The drop in vield 
may be related to the enormous expansion of sovbean production 
and the mo ement of coffee production to areas further north, 
since these two high-value crops tend to displace cassava from 
more fertile sous. 

Other large Latin American producers are Colornbia. with 2 
milhon tons. and Paraguay. with 2.0 million tons. Yields in 
Colombia are 10 t/ha: those in Paraguay are 15 t/ha. Paraguay, 
like Brazil. has high vields in part because of the 18-month 
growth escle used by many producers. Although Brazil. Colombia, 
and Paraguay produce more than 90 percent of the cassava in 
the Americas. the crop is of great importance to several smaller 
countries as well. 

In Oceania. the total cassava area is about 20.000 heetares. 
Papua New Guinea and Fiji are the most important producers. 


Consumption patterns 

Cassava is used primarily as a food. and because of its bulk 
and perishability. it is usually consumed in or near the place 
Where it is grown, The only global data on cassava consumption 
are in the FAO Food Falunce sheets, which are at best a rough 
guide to the real situation. They indicate that in the mid-1970s. 
63 percent of the total production was used as a basic source 
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Small village factories process about half the cassava that people eat. (Source: 
Cl..T) 


of energy in human diets (see Table 3). About equal amounts 
Were consumed as cooked fresh cassava or as processed cassava 
(mainly flours and meals). 

The main nonfood uses of cassava are animal reed and starch. 
About one-fifth of world production is fed to animals. mains 
In producing countries. and the amount is rising. Almost all 
exports aiy pelleted antnal feed destined for Europe. About 6 
pereent. of world production goes into. starch for industrial 
processes und food processing. 

In the PAO data only 10 pereent of total production ts classified 
as being lost as waste. But the FAO data apparently allow for 
considerable losses in cassava processing. because the extraction 
rates for cassava products from: fresh cassava are much lower 
than those theoretically obtainable. Hence the real waste figure 
is probably much higher. 


Table 3 
World utilization of cassava, 1975-1977 (data are resented as a percentage of total production) 














____,Human food Animal Industrial use 

Area Fresh Processed feed? and starch Export? Waste 
World 30.8 33.8 11.5 5.5 7.0 10.0 
Africa 37.9 50.8 1.4 t ° 9.5 
Americas 18.5 23.9 33.4 9.6 ¢ 14.0 
Asia 33.6 21.7 2.9 8.6 23.0 6.3 
Asia without 

Thailand 45.7 27.9 3.9 11.7 2.3 8.6 





Source’ FAO, Food balance sheets 1975-1977 average (Rome, 1980): modified based on additional information. 


“Excludes chips and peliets exported as animal food. 
‘includes exports for animal feed. 
“Less than 1 percent 
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Consumption patterns differ tremendously among regions. In 
Africa, nearly all cassava is used for human consumption. Al- 
though cassava is considered to be a subsistence crop in Africa, 
substantial quantities are traded. Throughout Africa, cassava and 
cassava products can be found in the rural and urban markets. 
In Nigeria, guri, a fermented cassava flour, is transported up to 
700 kilometers to urban markets. and each vear the equivalent 
of 120.000 tons of fresh cassava enters the Lagos market as gari. 
A study ir Ghana in the 1950s showed that 22.000 tons of fresh 
cassava and 27.000 tons of cassava products were entering Accra 
annually, providing 41 percent of the calories brought into the 
city. In Zaire. an estimated 55 percent of total production is 
sold off the farm. Thus, while it is impossible to accurately 
estimate how much cassava is traded and how much is consumed 
by the growers themselves. it is certain that a significant proportion 
of African production enters the market economy. 

In Asia. over half the cassava is produced for direct human 
consumption, with much of the remainder exported as chips 
and pellets. There is considerable variation between countries. 
Cassava in India and Indonesia is almost entirely used for human 
consumption: in Malaysia, it is used for starch and the loca! 
feed industry: in Thailand. itis almost exclusively used for export. 
Despite these differences. throughout Asia cassava tends to be 
grown on small farms. which sell a large proportion of their 
production. Even tn India. where per capita consumption is high 
and farm size very small, 35 to 40 percent of the cassava is 
sold off the farm. 

In the Americas. over 40 percent of the cassava production 
is destined for human food. More than half of the cassava eaten 
is in processed forms such as flour, meals. and starch. A third 
of the production ts used as animal feed within the producer 
countries. In contrast to Asia, where most of the cassava is dried 
before being used as animal feed. considerable quantities of fresh 
cassava roots are fed to animals in the Americas, particularly 
in Brazil and Paraguay. Little information exists on the amounts 
traded and used as a subsistence food in the Americas. A survey 
tr. Colombia shiowed that more than 90 percent of total production 
vas sold off the farm. In Brazil. the quantity of cassava processed 
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to either farina or Nour suggests thet a high proportion of 
cassava production is utilized off the producer farms. 


Importance in diets 

The FAO Feod halance sheets give estimates of cassava con- 
sumption for whole countries. but consumption patterns may 
Vary substantially from area to area within a country. In Brazil. 
for example. cassava has far rnore dietary significance in the 
Northeast than it does in the South. Similarly, in India the 
national average figures suggest that cassava is unimportant. but 
in fact. in southern India cassava provides more than 700 cal/ 
day for 20 to 30 million people. Thus national averages tend 
to overestimate the number of people who consume cassava as 
a major staple while underestimating the amounts consumed by 
actual cassava eaters. That notwithstanding. the food balance 
sheet data indicate that in 1975-1977, S00 million people in 24 
countries consumed more than 100 cal/day in the form of cassava. 
with an average intake of over 300 calories (see Table 4). 

In the countries of tropical Africa, cassava provides an average 
of 230 calories per person per day. In Zaire and Congo, however, 
the average intake is over L000 cal/day. or close to 1 kilogram 
of fresh cassava per day. That amount provides about half of 
the tol energy intake for the people of those two countries. 
There aie an estimated 70 million people who obtain more than 
S00 eal/day from cassava. 

The main value of cassava is the starchy roots. but the leaves 
are also eaten in Africa, Cassava leaves contain about 7 percent 
protein on a fresh weight basis (20 to 30 percent protein on a 
dry weight basis), Cassava leaves compare favorably with sovbeans 
in protein quality and are considerably higher in Ivsine. However, 
methionine and possibly tryptophan are deficient. The leaves are 
used as a base in making sauces and soups. particularly in the 
Congo basin, Tanzania, and parts of West Africa. Consumption 
levels have been estimated as high as 500 g/day in Zaire. 40 to 
170 g/day in Congo. and 30 to 100 g/day in Cameroon. The 
consumption of cassava leaves at these levels can make a sig- 
nificant contribution to total protein intake. 
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Table 4 
Consumption of cassava in selected countries or regions 


a ee 
Cassava consurription 











Amount per As a source of Population 
person dietary energy 1980 
Country (cal/day) (%) (millions) 
Zaire 1287 56 29.0 
Congo 1128 55 1.6 
Central African 
Republic 839 39 2.2 
Kerala (india) 744° 30 ca. 25.0 
Mozambique 697 36 10.0 
Angola 660 32 6.7 
Tanzania 503 24 19.0 
Liberia 501 21 1.9 
Gabon 439 18 0.6 
Togo 402 20 2.5 
Ghana 380 19 12.0 
Paraguay 351 12 3.3 
Burundi 316 14 4.5 
Madagascar 312 13 8.7 
Fiji 300 12 0.6 
Nigeria 283 13 77.0 
ivory Coast 245 10 8.0 
Rwanda 238 10 5.1 
Cameroon 209 9 8.5 
Brazil 203 8 122.0 
Indonesia 202° 10 144.0 
Guinea 201 10 5.0 
Kenya 123 6 16.0 
Colombia 114 5 27.0 








Sources: Cassava consumption: FAQ. Food balance sheets 1975-1977 average (Rome. 
1980), except for data marked with an asterisk. whic are from other sources: 
Population: International Agricultural Development Servize. Agricultural develooment 
indicators (New York, 1981). 


In Asia. cassava is a dietary staple only in Indonesia and 
southern India. though it is widely grown, especially in Southeast 
Asia. In Indonesia. the average daily consumption is close to 
200 calories per person. and in some cases more than half the 
total calorie intake is from cassava. In Kerala, India. it provides 
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an estimated 744 calories per person per day for 20 to 30 million 
people. Although Thailand is the region’s largest producer, Thais 
eat little cassava. Most of the crop is exported. 

In Latin America, cassava is a countrywide staple only in 
Paraguay and Brazil. An estimated 125 million people in these 
countries derive more than 200 cal/day from cassava. In Brazil. 
consumption is high in the rural Northeast (480 cal/day) and 
very low in the southern cities (fewer than 20 cal/day). 

Cassava is also a staple food in the jungle regions of Bolivia, 
Peru, and Ecuador. on the north coast and ‘n the Santander 
Department of Colombia. and in the rural areas of many 
Caribbean islands. Throughout the cassava growing areas of 
South America, cassava is an important staple. Average daily 
consumption in the tropical countries of South America is 150 
to 160 calories per person. In Central America, cassava is of 
litte nutritional importance. 


The cassava plant 

Cassava (Manihot esculenta [Crantz]) belongs to the family 
Euphorbiaceae. which includes rubber (fevea brasilensis) and 
castor bean (Ricinus communis). Manthot glaziovii (Ceara rubber) 
is a minor source of rubber. Before the discovery of the New 
World. the genus Vanihot grew only in the Americas between 
about 30°N and 30°S latitude. There are two main centers of 
diversity—a major one in Brazil and a secondary one in Central 
America. Cassava is grown in most areas where Manihor species 
exist, however it is not found in the wild state. The wild progenitor 
of cassava is not known. nor have the areas in which cassava 
was domesticated been determined with certainty. 


Botanical description 


The cassava plant is a perennial woody shrub, Commercially. 
it is grown by planting a cutting taken from the woody part of 
the stem. After the cutting is planted. one or more of the axillary 
buds sprout. and roots grow principall, from the base of the 
cutting. The shoots show strong apical dominance. which sup- 
presses the development of side shoots. When the main shoot 
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Cassava is grown for its edible root. It is propagated by planting stem cuttings. 
(Source; CIAT) 


becomes reproductive and begins to flower, the apical dominance 
is broken and several (two to four) of the axillary buds immediately 
below the apex begin to develop. giving the typical branching 
habit found in the plant. The time at which branching occurs 
is extremely variable: some clones never branch. 

During the first months. the cassava plant mainly develops 
shoots and a fibrous root sysiem. Early in the growth cycle. 
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however, the plants store small amounts of stareh in their roots. 
About 3 monihs after planting. some of the fibrous roots begin 
lo expand rapidly, storing large quantities of starch. The thickened 
Storage roots have a fleshy center, which composes about 85 
percent of their total weight. and a tougher. more fibrous peel. 

The propagation of cassava is unusual for several reasons. 
First. the economically useful part. the root, is not used. for 
propagation, To propagate other major food staples, such as 
grain crops or potatoes. part of the harvest must be kept tor 
replanting. Second. the multiplication rate of cassava is low— 
from 3 to 30 times per crop cycle. depending on conditions, 
Third. although cassava is normally propagated through stem 
culings. which produce genetically identical progeny. or clones. 
it can also be reproduced from true seeds. The progeny obtained 
from true seeds have great genetic variability, permitting superior 
varieties to be selected. which can then be reproduced by stem 
cuttings and henee have their new characters fixed in a stable 
form. 


Origin and dispersal 

It was once thought that cassava was originally domesticated 
in Brazil, where the largest number of Aanihor species exists. 
Moreover. the diversity within the species is greater there than 
elsewhere. But little archaeological evidence exists to confirm a 
Brazilian domestication of cassava. Cassava is grown in areas 
Where the rainy season is longer than the drv season, and under 
these conditions woody materials are rarely well conserved. 
Furthermore. the roots are highly perishable. so fittle direct 
evidence exists of the early cultivation of cassava (unlike the 
grain crops, whieh are often grown in arid areas and are normally 
dried and stored before consumption so that considerable quan- 
tities have been found in archacological sites). fn Mexico, remains 
of cassava leaves have been found that are 2500 vears old. and 
cassava Stareh has been identified in human coprolites that are 
2100 to 2800 vears old. 

The so-called bitter and sweet species occur in separate areas 
of the Americas, suggesting that they were domesticated at 
different locations. (There is no sharp distinction between bitter 
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and sweet cassavas, though sweet types usually, but not always, 
have lower levels of prussic acid than the bitter types.) Some 
scholars suggest that bitter cassava may have been domesticated 
in the northern part of South America, probably east of the 
Andes, and that sweet cassava was independently domesticated 
in Central America. 

After its domestication, cassava spread throughout the tropical 
areas of the Americas. By the time the Spanish conquistadores 
arrived, cassava was a dietary staple on the islands of the 
Caribbean as well as on the continental land mass. 

At present, more cassava is grown outside its original area of 
domestication than within, The crop was introduced to the 
Congo basin more than 400 years ago—reeords of the rich 
Portuguese trade between Brazil and the west coast of Africa 
include evidence that cassava was taken to the Congo basin as 
early as [S88—and more recently. to Asia and Oceania. It is 
now grown throughout the tropics. There is no overall pattern 
of introduction and spread from a few centers of introduction: 
there have been a multitude of points of entry. Cassava was 
introduced on several occasions through different ports on the 
west coast of central Africa. and it spread rapidly throughout 
What 1s now Angola, Zaire. Congo. Gabon, and Cameroon, 

Cassava had been independently introduced into East Africa 
and Madagascar by the middle of the eighteenth century. A 
hundred years later. it was a staple on the coastal strip and 
around Lake Tanganyika. The cassava grown near Lake Tan- 
ganvika comes from introductions to both the west and east 
coasts. Cassava is now an important element in the diet of most 
areas of the lowland tropics of East Africa and is a staple in 
Tanzania, Mozambique. and Madagascar. 

Cassava spread throughout West Africa. and with the return 
of freed slaves from Brazil. the traditional technology for the 
production of farinia, a meal made from cassava. arrived, In 
Africa, the process was modified to that which is now used for 
the production of garf Since 1900. the production of “oth 
cassava and arr has spread rapidly. and cassava is now a staple 
throughout the wetter regions of West Africa. 

The introduction of cassava into Asia is not well documented. 
The Portuguese may have brought cassava to Goa on the Indian 
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subcontinent in the early eighteenth century. Cassava was prob- 
ably introduced to Indonesia and the Philippines from Mexico 
at about the same time. There is evidence that cassava was taken 
from Indonesia to Mauritius about 1740. which indicates that 
it was in Southeast Asia before this date. Sri Lanka officially 
imported cassava cuttings from Mauritius in 1786, and India 
made importations directly from South America in 1794 and 
from the West Indies in 1840. The first official record of cassava 
introduction into Malaysia is in 1886 through the Singapore 
Botanic Gardens: however cassava was widely grown in Malaysia 
before that. probably after introduction from India or Indonesia. 

By the nineteenth century. cassava was firmly established as 
a crop in South and Southeast Asia. In Malaya. the Chinese 
had developed a trade in tapioca (as cassava is called in much 
of Asia) with Europe. and by 1906. 100.000 hectares had been 
planted to cassava. Cassava was also an important staple in 
Indonesia, being used as a rice substitute in Java. Cassava is 
now grown throughout South and Southeast Asia and southern 
China: as a staple food in southern India. parts of Burma. and 
Indonesia: both as an industrial and a subsistence crop in the 
Philippines. Malaysia, and Taiwan: and as an export crop in 
Thailand. 


etdaptation 


The cassava crop is limited to the hotter areas of the world: 
however within this zone. it is cultivated under enormously 
differing climatic and soil conditions. For example. in Colombia. 
a country with diverse ecological conditions, cassava grows in 
the high-rainfall areas of the Andes at 2000 meters. in the semi- 
arid areas of the Guajira. on the rich soils of the Cauea and 
Tolima valleys. on the acid-intertile soils of the savannas in the 
eastern plains. and in the tropical rain forest of Putamavyo. 
Although different varieties and agronomic practices are used. 
the fact that the species ean be grown under these varied conditions 
demonstrates. its broad adaptability. 

Climate. Cassava is grown almost exclusively in the hotter 
lowland tropics and is never grown as a crop further from the 
equator than 30°N or 30°S. In the more extreme latitudes where 
cassava is grown, light frosts ovcasionally occur. Frosts may 
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Cassava growing areas. 





@ Mean annual temperature less than 20°C 
A (reduced to sea level equivalent). 


Mean annual rainfall less than 1000 mm. 


? Areas with potential for Cassava at low elevations 
Figure 1. The limits of cassava growing areas are deterniined 
largely by rainfall and temperature. 





defoliate the plant. but when warmer weather returns, the plant 
sprouts from the base and grows normally. In areas that have 
large seasonal variations in temperature. cassava is nol grown 
if the annual mean temperature is less than about 20°C (see 
Figure 1). In highland areas near the equator (for example. the 
Andean zones of Colombia. Ecuador. and Peru), cassava grows 
in areas Where the mean annual temperature is as low as 17°C. 
but fluctuations about this mean are slight. Furthermore. the 
varieties used in these areas have been specifically selected by 
the local farmers so that they are well adapted. These varieties 
do not vield well in areas that have higher temperatures, nor 
can lowland varieties be successfully introduced into highland 
areas. These rather special cold-tolerant varicties of cassava are 
found only in the Andean zone. They are grown as high as 
2300 meters above sea level and do not appear to have been 
introduced to other highland tropical areas, where they probably 
would be successful. 

Most cassava is grown in areas where the average rainfall is 
over 1000 millimeters a vear. Cassava is well adapted to rainfall 
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ranging between 1000 and 3000 millimeters a year, but it needs 
good drainage. On heavy soils, one day of flooding can destroy 
the cvop. (There are several unconfirmed reports that cassava 
varieties from the Amazon jungle and the rain forest on the 
Pacific coast of Colombia are able to survive several weeks of 
Standing water.) 

Although cassava does not withstand flooding or even very 
moist soil conditions over prolonged periods. it is highly tolerant 
of drought. and cassava is a major crop in areas that have dry 
seasons as long as 6 months. At the onset of dry weather. the 
cassava plant reduces its leaf area by producing fewer new leaves 
While continuing to shed older leaves. The stomata of. the 
remaining leaves close partially, which diminishes the plant’s 
transpiration rate and conserves water, If the dry period continues, 
more leaves are shed, lowering the leaf area to minimal levels. 
and both root growth and top growth cease. The plant becomes 
essentially dormant. When the rains resume. the plant draws on 
carbohydrate reserves in the stems and roots to produce new 
leaves, and the plant again becomes productive (see Figure 2). 

Once established. cassava. unlike other crops. has no critical 
period when lack of rain will cause crop failure. A drv spell 
will reduce yield. but only if it is so extended that the plant 
dies will crop failure oceur. Consequently, cassava is extraor- 
dinarily well adapted to areas in which rainfall is uncertain. In 
addition, because it has no period of acute vulnerability to dry 
weather, cassava can be planted over a longer time span than 
most crops, making it easy to fit it into various farming systems. 

Cassava can be grown in some areas in which the annual 
rainfall is less than 10G0 millimeters, such as parts of northeastern 
Brazil and eastern Africa. In these areas. rainfall is also quite 
variable from year to year, hence it is difficult to place an 
absolute lower limit on the rainfall in areas where cassava is 
grown. Nevertheless. cassava is rarely important where the mean 
annual rainfall is less than 750 millimeters. or where there 
frequently is less than 600 millimeters of rain a year. 

Soily, Cassava is well adapted to the low fertility soils that 
predominate in the tropics. and it is therefore usually grown on 
highly weathered and leached soils of the orders Oxisols. Ultisols, 
and Alfisols. Small amounts are grown on moderately weathered 
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Figure 2. Root yield as affected by a dry 
period. (Adapted from D. J. Connor, .! H. 
Cock, and C. Parra. The respon of 
Cassava to water shortage: |. Growin and 
yield, Field Crops Research 4:181-200.) 


Inceptisols (particularly in India) and on sandy Entisols. Cassava 
is also grown on a tremendous range of other soils: however the 
area is insignificant by comparison. 

When grown in low fertility soils. the total growth of cassava 
suffers less than that of most other crops. Similarly, for root 
yield. which is what farmers are interested in, cassava is an 
efficient producer in low fertility soils. In an experiment in 
Colombia involving the application of phosphorus to an infertile 
soil, scientists found that the higher the rate of phosphorus 
applied. the higher the total weight of the cassava plant. But 
root yield was raised only slightly with phosphorus application 
levels greater than half the level required for maximum plant 
growth. Thus. when grown in poor soils. cassava may not reach 
its full potential for total biomass production. but a larger 
proportion of the total dry matter is found in the roots. 
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High concentrations of salts or high soil pH have more severe 
effects on cassava than on most other crops. On the other hand. 
cassava grows remarkably well where there is low pH and 
associated high aluminum levels, which are characteristic of 
many of the well-drained tropical soils on which cassava 1s widely 
planted. 

Cassava's tolerance of soil acidity is shown by the fact that 
liming soils that have pH levels as low as 4.4 has no effect on 
vield. provided that the aluminum levels are not excessive. But 
even high levels of aluminum barely affect vield. When cassava 
is grown under experimental conditions in solutions with various 
concentrations of aluminum. iis vield is depressed only by very 
high levels. while in comparable experiments, the yield of most 
other crops drops sharply as aluminum levels increase. 

In the field. no reduction in cassava vield has been observed 
in soils that have aluminum levels as high as 80 percent saturation. 
In the Oxisols of the eastern plains of Colombia, where crops 
such as maize. sorghum. rice, and beans will not produce any 
harvest. cassava will sprout. grow. and vield modestly (5 to 6 
t/ha) without soil amendments. 

The growth cycle of a typical cassava crop is close to a year. 
The roots start bulking about 3 months after planting (see Figure 
3) and continue to increase in weight until 9 to 15 months after 
planting. when the crop is usually harvested. In other words. 
the cassava plant accumulates ecrbohydrates in its useful plant 
parts—the roots—for 75 percent of its overall growth period. 

This pattern is quite different from that of cereal crops. Cereals 
have a long growth period during which the leaves, stems, and 
inflorescences develop. followed by a short period during which 
the carbohydrate accumulates in the grain. A tropical rice crop. 
for exampie. reaches maturity in about 4 months. Grain alling 
occurs only during the final month. so the plant stores carbohy- 
drates in the useful parts. the grain. during only 25 perceni of 
the growth cycle. The contrast in growth patteri is the funda- 
mental reason cassava has a higher vield potential than cereals. 


Special auributes 


Cassava's special attributes have earned it a reputation as a 
“famine reserve crop.” that is. a crop to be planted in case other 
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Figure 3. Growth and development of a 
typical cassava crop. Leaf area index (LAI} 
is a measure of the leafiness of crops. 


crops fail. In colonial times. district officers in Africa insisted 
that a certain amount of cassava be planted as a famine reserve. 
More recently. during the Nigerian civii war when widespread 
starvation occurred. cassava was planted as a basic staple. In 
transmigration programs in Indonesia and South America, when 
colonizers arrive. one of the first acts of the newly settled 
communities is to plant cassava to ensure a food supply in the 
risky first years. 

Cassava can serve as a famine reserve for several reasons, 
aside from its tolerance of drought and infertile soil. One is that 
its harvesting date 1s highly flexible. Most other crops have to 
be harvested within a specific period—if the harvest is late. most 
crops spoil or fall to the ground and then germinate or rot. 
Cassava. on the other hand. can remain in the ground until it 
is needed. It continues to grow, though the roots may become 
more fibrous. which lowers the eating quality. Cassava may be 
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left to grow for 2 to 3 years before it is harvested, or it can be 
partially harvested as food is needed. That is, one or two roots 
may be harvested but the plant left standing so that it continues 
lo grow. 

In Africa, plagues of locust have made famine reserve crops 
extremely important: Not only is cassava continuously available 
because it has no fixed harvest date. it 1s also highly resistant 
to locust attacks. Even if locusts eat the foliage, the roots remain 
unharmed. and new shoots rapidly form with little vield loss. 
In areas in which hurricanes o7 ty phoons frequently occur, cassava 
is also an important “insurance crop.” As long as the plants are 
neither flooded nor uprooted during such storms, hardly any 
damage is done. Loss of foliage and the breaking of stems and 
shoots will aot kill the crop. 


2 
Food, feed, and industrial uses 





Cassava is grown chiefly as a food, but it is also an important 
animal feed, and it has several significant industrial uses. Aside 
from the economic activity inherent in cassava growing itself, 
the processing and marketing of cassava generate employment 
and provide opportunities for the development of rural industries. 

As one of the cheapest sources of food energy. cassava should 
play a major role in meeting developing countries’ rising con- 
sumption of both food and animal feed. The inability of most 
countries to expand cereal production fast enough to meet the 
demand often forees them to spend scarce foreign exchange to 
import cereals. Cassava can help fill the gap by enlarging total 
food supplies because production is possible on lend that is not 
well suited to cereals and other food crops. Moreover, growing 
cassava to provide carbohydrate for animal feed means that 
better land that is devoted to the production of feed grains can 
be switched to food production. Developing countries already 
consume 12 million tons of cassava annually for animal feed. 
but the potential is much greater. Industrial uses, mainly com- 
mercial starch. consume about 5 percent of the total cassava 
production. Recent developments suggest that cassava has promise 
as a source of renewable energy. 


FOOD 


Cassava is often regarded as a poor food with low nutritional 
value tnat is only consumed dy subsistence farmers who have 
little else to eat. Actually. cassava is an excellent source of dietary 
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Table 5 
Dry matter, carbohydrate, and protein content of root and tuber crops 


rn err cr ry ES 


Dry matter Carbohydrate Protein 
Crop (%) (% dry matter) (% dry matter) 
a 
Cassava 37.5 92.5 3.2 
Irish potato 22.0 85.9 9.1 
Sweet potato 30.0 91.0 4.3 
Yams 27.6 87.3 87 
Taro 27.5 84.4 6.9 





Source: K. A. Leslie, The significance of root crops in the tropics, in Proceedings 
of the International Symposium on Tropical Root Crops, 5:1-12 (St. Augustine, Trinidad: 
University of West Indies, 1967). 


energy, and it is shortsighted to consider cassava solely a sub- 
sistence or famine crop. 


Nutritional value 


Cassava roots have 30 to 40 percent drv matter, which is a 
higher proportion than most other roots and tubers have (see 
Table 5). The dry matter content depends on such factors as 
the variety, the age of the root at harvest. the soil and climatic 
conditions. and the health of the plant. Starch and sugar are 
the predominant components (approximately 90 percent) of the 
dry matter: starch is by far the most important. The metabolizable 
energy of dry cassava, 3500 to 4000 kcal/g. is similar to that 
of maize flour. 

The crude protein content of cassava roots. normally estimated 
by multiplying the nitrogen content by the factor 6.25. is 2 to 
3 percent on a dry matter basis. But the true protein content 
is less, because up to half the nitrogen in the root is nonprotein 
nitrogen. The quality of the protein is reasonably good. though 
sulfur amino acids are deficient. Concern with protein quality 
is, however. somewhat academic because the protein level is so 
low in fresh roots. and is further decreased by processing to 
gari or farinha, that it has little nutritional value, 
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Table 6 


Food composition of 1 kilogram of cassava compared with daily requirements 
for an adult male 


Adult male daily 





Cassava? requirement 

Food energy (cal) 1460 2500 
Water (g) 625 

Carbohydrate (g) 347 

Protein (g) 12 65> 
Fat (g) 3 

Calcium (mg) 330 500 
Iron (mg) 7 8 
Vitamin A (IU) trace 2500 
Thiamine (mg) 0.6 1.2 
Riboflavin (mg) 0.3 1.2 
Niacin (mg) 6 15 
Vitamin C (mg) 360 25 


Source: K. A. Leslie. The significance of root crops in the tropics, in Proceedings 
of the International Symposium on Tropical Root Crops, 5:1-12 (St. Augustine, Trinidad: 
University of West Indies. 1967). 


“Fresh cassava of relatively high dry matter content. 
’Current estimates cf protein requirements are considerably less than this figure. 
WHO/FAO suggests 46 g of protein of 80 percent quality relative to milk or eggs. 


The roots contain significant quantities of vitamin C, thiamine, 
riboflavin. and niacin (see Table 6). A person obtaining more 
than 250 cal/day from cassava would satisfy the daily vitamin 
C requirement. But boiling reduces the vitamin C content by 
50 to 70 percent. and processing to such products as farinha, 
gari, and fufie reduces it by 75 percent or more. Nevertheless. 
in areas in which cassava consumption is high. even processed 
cassava can supply sufficient vitamin C to satisfy minimum daily 
requirements. 

In nutritional terms, cassava must be considered primarily as 
an energy source that contributes little else. except vitamin C, 
to the nutrition of the people who eat it. Cassava has been 
criticized and expansion of its production sometimes opposed 
because of its low nutritional value. Cassava has also been 
implicated as a major cause of malnutrition in parts of Africa. 
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It is of course true that people who consume large quantities 
of cassava with little protein supplement will be malnourished. 
Cassava does, however, have the tremendous advantage of being 
cheap, so it can be used to satisfy the energy requirement of a 
diet at low cost. releasing money for the purchase of more 
expensive high-protein foods. It has been conclusively shown 
that increasing the percentage of protein in diets that are deficient 
in total energy will not alleviate protein deficiency because an 
undernourished body partially utilizes protein in the diet as an 
expensive energy source. On the other hand, it has been dem- 
onstrated that increasing the carbohydrate supply in the diet can 
increase the eflicieney with which protein is utilized. Thus the 
nutritional role of cassava is as a cheap energy source, with 
other foods providing the necessary protein, vitamins, minerals. 
and fats. 


Toxicity 

Raw cassava contains the glycosides linamarin and lotaustralin. 
which are converted to hydrocvanie. or prussic, acid, a poison, 
When they come in contact with linamarase. an enzyme that is 
released when the cells of cassava roots are ruptured. Although 
occasionally deaths from consuming raw cassava roots have been 
reported. the traditional processing and cooking methods reduce 
the cyanide levels. If normal preparation procedures are used. 
acute cyanide toxicity does not oceur. Chronic cyanide toxicity 
occurs in some localities in Africa where cassava consumption 
is high. up to the equivalent of | kilogram or more of fresh 
roots per day over a long period. and where the consumption 
of todine and protein. particularly animal protein, is extremely 
low. In Nigeria and Zaire. ataxic neuropathy (nervous degen- 
eration) and goiter (which leads to cretinism in severe cases) 
have been associated with high levels of cassava consumption. 

When cyanide enters the bloodstream. it is converted to 
thiocyanate. a suifur-containing compound. by tne enzyme rho- 
danase. The thiocyanate is later excreted in the urine. The 
compound plays its toxic role by using up body sulfur in 
detoxification, thus increasing the body's demand for sulfur- 
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containing amino acids, or by interfering with the iodine uptake 
of the thyroid, resulting in goiter. In both cases, high cassava 
consumption aggravates problems associated with low levels of 
sulfur amino acids and iodine in the diet. 

Chronic cyanide toxicity has not been reported in areas of 
high cassava consumption in Latin America or Asia, which 
reinforces the hypothesis that goiter and ataxic neuropathy are 
caused by a complex interaction of several factors. Of course in 
Latin America, cassava consumption levels are generally much 
lower than in Africa. but in studies in the Amazon jungle, where 
tribal people eat as much as | kilogram of cooked fresh cassava 
per day per person and wash it down with 3 liters of fermented 
cassava beer, masato, there have been no reports of either goiter 
or ataxic neuropathy. (The symptoms of goiter are so obvious 
that it is unlikely to be missed.) These tribes consume considerable 
quantities of animal and fish protein and thus have high levels 
of sulfur amino acid intake. 

Kerala. India. is another area that has high cassava consumption 
without adverse effects. Cassava provides more than 800 calories 
per adult equivalent per day. and the total protein intake is 
low—41.5 grams per adult equivalent per day— vei there are no 
reports of goiter or ataxic neuropathy related to high cassava 
consumption in this area. Moreover. among the states of india, 
Kerala has one of the lowest rates of infant moriality and the 
longest life expectancy. indicating that high levels of consumption 
of properly prepared cassava need riot be detrimental to health. 

There is little doubt that high cassava intake may aggravate 
the effects of low protein levels in the diet. particularly when 
sulfur amine acids are deficient and iodine intake is low. The 
solution to the problein seems to lie with the use of iodine. 
probably as iodized vil. and the consumption of sufficient animal 
or fish protein. The requirements for iodine and sulfur amino 
acids are slightly increased when cassava consumption is high. 


Beneficial effects 


Much has been written about the deficiencies of cassava as 
a food. but little has been reported on its possible beneficial 
effects on health. For example: 
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¢ In the treatment of sickle-cell anemia, which is most common 
in people of African descent. thiocyanate has been used. Since 
the blood levels of thiocyanate are increased by ingesting cassava, 
it may be an important means of alleviating the disease in 
Africa, 

¢ Schistosomiasis is an extremely widespread and debilitating 
disease common in the lowland tropics. Amygdalin, a cyan- 
ogenic glycoside similar to linamarin, has been suggested as 
a medication for schistosomiasis, and it has been proposed 
that cassava in the diet has similar effects. 

¢ The possible role of evancgenic glycosides to contro! cancer 
is extremely controversial: nevertheless it has been suggested 
that some cancer cells are unable to detoxify cyanide as they 
do not possess the enzyme rhodanase. Clinical tests with 
amyedaiin failed to show any effectiveness in controlling cancer. 


These possible beneficial effects of cassava are based on few 
results and much speculation, and they need to be more thor- 
oughly researched betore any conclusions can be reached about 
their real importance. 


Cooking and processing 

Cooking and processing offer some solution to two of the 
drawbacks of cassava—its toxicity and its perishability. Although 
raw swect cassava is occasionally eaten as a snack or thirst 
quencher in the Congo region. Tanzania. and West Africa, cassava 
is not generally consumed raw because of tts toxicity. All forms 
of cassava processing lower the levels of cyanogenic glycosides 
and prussic acid in the final product. The degree of reduction 
varies greatly with the type of processing. Processing cassava 
into a dried product also is a way of dealing with the perishability 
of cassava because. once harvested. fresh cassava roots show 
deterioration within as litthe as 24 hours. 


Cooked fresh cassava 


The simplest way of preparing cassava is to peel it immediately 
after harvest and boil it for 10 to 40 minutes until it is soft. 
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The boiling time needed depends on the variety. After boiling, 
the cassava may be eaten, or it may be cut into long chunks 
and deep fried. However. sweet cassava must be used. If bitter 
cassava is used. the unpleasant taste remains after cooking. and 
the food is dangerous as well. Although boiling destroys the 
enzyme linamarase and drives off the prussi¢ acid. the linamarin 
itself is not destroyed. and a long-term ingestion of it may lead 
to chronic cyanide toxicity in people whose diets lack suficient 
protein and iodine. 

Fresh cassava. which is often cooked in a soup or gruel. is 
eaten throughout the cassava growing areas of the tropics. Con- 
sumption :s much greater in rural areas than in cities because 
of the perishability of cassava. The various flours and meals 
keep better than fresh cassava. 


Cassava meal 

The forms of cassava meal can be roughly divided into 
unfermented and fermented meals. Vhe former are made by 
grinding or slicing peeled roots and then drying and milling 
them to form a meal. Gaplek in Indonesia is made from dried 
chunks that are ground: Aokonte in Ghana is prepared in the 
same way except the chunks are not ground immediately after 
drying. In Brazil. large processing plants mechanically wash. 
peel. and grate the cassava. which is then artificially dried using 
wood-fired or oil-fired furnaces before milling to produce farinha 
de raspa. In Africa. the cassava is often soaked in pools of water 
for several days until the roots soften: they are then peeled and 
sun dried before being ground to produce a meal. 


Farinha dague and farinha grossa 


The production of farinha is a traditional process to produce 
a meal from bitter cassava. The processes for making farinha 
agua and farinha grossa are essentially the same except that 
in the former. the roots are submerged in pools of water for 
several days before peeling. The peeled roots are grated by hand 
in the traditional process, but mechanically nowadays. The grated 
roots are then siuffed into a tipiti. a long. thin basket-weave 
tube. When the tipiti is stretched. its internal volume is reduce +. 
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A tipit. a basket-weave tube. being used to squeeze the water out of grated 
Cassava ronts and in the process, eliminating much of the prussic acid. (Source: 
CIAT) 


squeezing liquid from the mashed roots. The liquid contains 
some starch and may be used as a base for stews and soups. 
or the starch can be recovered by allowing it to sett and 
removing the liquid. Phe moist mash trom the tipiti is placed 
in large. flat pans. usually made of copper. and roasted until 
dry. The dry meal can be packed in bags and. stored. 


Garl 

The production of gary is a modification of the process for 
the manuteeture of fart in which fermentation and cooking 
affect the favor, Roots are washed. peeled. and grated. The 
resulting mash is placed in bags and squeezed by heaping stones 
and logs on the bags. a process that is not nearly as effective 
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as the upitt. The bags are left for several days. during which 
time the mash ferments. The fermented mash is then roasted 
or fried. often with palm oil. in small pots until dry. Then it 
may be packed in bags and stored. In the markets of West 
Africa. an enormous array of different kinds of gari can be 
found, 


Chickwangue 


Chickwangue isan African product that has no direet equivalent 
in Latin America. The cassava is soaked in water for several 
davs until it softens. anc the root is then peeled and macerated. 
Fibers are removed. and the resulting paste or dough 1s wrapped 
in banana leaves. It may be eaten with no further processing, 
or after boiling. 


Other food products 

Many other products can be made from cassava. including 
beer. biscuits. and cakes. Cusahe and fife are among the more 
impei tant products. In the Caribbean islands and on the Atlantic 
coast of Colombia and Venezuela. cassava is processed in the 
same manner as for the production of faria, except that the 
squeezed cassava mash is kneaded into a flat cake that is baked 
to form a tortlla-like bread called casue. Fhe name “cassava” 
originates from this product. In Africa. fi/u is made by taking 
the mash used for making gar’ and fermenting it underwater 
and then drving it. 


Employment in cassava processing 

Most of the world’s cassava is produced as a dietary staple 
of the poor. and approximately half of the cassava used for food 
is eaten aiter specialized processing, usually by the family or 
on the village level. The labor used in processing cassava probably 
is greater than that used in growing and harvesting it. Traditional 
processing methods are so laborious that the number of mech- 
anized village processing units is increasing In many regions. 
The equipment used 1n village plants is very simple and. except 
for the motors, locally made. thus creating a stimulus to small 
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In the Caribbean islands. cassava mash is baked to form casabe, which 
can OQ. stored for long periods. (Source: CIAT) 


industry. Even the processing of cassava chips or pellets and 
cassava starch for export is done to a considerable extent in 
small units. although large ones are common tor pelleting and 
Starch extracuion. 

The simplest processing technique is to peel the roots and 
dry them on racks or trays in the sun, This work is commonly 
done by family members in Zaire. India. Indonesia. and Tanzania. 
In Zaire. the processing of cassava and Storage require as much 
as 20 man-days of labor per ton of fresh cassava. 

The labor needed to produce specialized meals such as farinha 
and gary can be enormous. Most of these meais are made on 
the farm or in small village units. In East Central State of 
Nigeria in the mid-1970s, the majority of the farm. families 
processed the cassava by hand: only 24 percent sent the cassava 
to be grated mechanically in the village units. Hand prating cr 
cassava. alone. requires some 10 to 15 man- days per ton of fresh 
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cassava. In addition. the cassava must first be peeled and then 
pressed to remove the water. roasted. and packed. The use of 
small mechanical graters greatly reduces the labor needed for 
processing. In villages in) Brazil. small mechanized units are 
common, 

Large processing factories are being established in areas that 
have a plentiful supply of cassava. Much ef Brazil's cassava flour. 
Which is used as a partial substitute for wheat in bread. is 
produced in. factories that mechanically wash and grate the 
cassava and then dry it in furnaces before milling and packing. 
Large mechanized gart plants are being constructed in Nigeria 
and Ghana. Since they need 35 to 40 tons of fresh cassava per 
day. they normally are linked to large plantations. 


Marketing cassava 

The marketing of dried cassava products such as farinha, gari, 
and cassava flour can easily utilize the normal channels for 
Staples such as rice or maize. Fresh cassava. however. must be 
marketed rapidly before it deteriorates. With such a perishable 
product. arbitrage is not possible over long distances. and hence 
sharp. sudden price fluctuations might be expected. That they 
do not generally occur suggests that highly sophisticated marketing 
systems have been developed. 

Fresh cassava must be sold to the consumer within | to 2 
days after harvest. and it must be eaten in fess than a week. In 
rural areas or areas close to urban centers. the cassava is harvested 
and taken by a family member directly to the local market for 
sale. In Kerala. India. for example. it is common to see women 
carrying baskets of cassava on their head to the local marketplace. 
Where they may sell it directly to the consumer or to a shopkeeper 
or stall owner, This marketing system is common throughout 
the tropics where the production site is near the market. Because 
of close contact between the producer and the consumer. the 
farmer can regulate harvesting to keep the supply in balance 
with the prevailing demand. 

In areas in which the markets are far from the production 
areas. More sophisticated marketing systems have evolved. In 


34 Food, feed, and industrial uses 


West Africa and parts of South America. fresh cassava may be 
transported long dis.ances by intermediaries to the populous 
urban centers. These intermediaries provide transport and reg- 
ulate the flow of cassava to the markets. The intermediary may 
either contract farmers to harvest a certain amount of cassava 
for a particular day, which he then collects. or he may buy a 
field of cassava to harvest with his own labor according +o 
market demand. The ditierence 12 price received by the produce 
and that paid by the consumer can be considerable, but the 
person who deals with such a highly perishable commodity has 
to accept a high level of risk. He cannot store the product if 
his transport fails or if the market is saturated, so he may be 
left with a worthless load of rotting cassava. 


Future demand for cassava as food 


The world’s population will double in 50 vears, and most of 
this increase will occur in developing countries, which are 
concentrated in the tropics. The International Food Policy Re- 
search Institute has estimated that to meet market demand. 
global food production must increase at approximately 3 '0 4 
percent a year and. if the minimal nutritional requirements of 
the world population are to be met. food production will have 
to increase by 5.4 to 6.3 percent a year. The inability of developing 
countries to keep pace with the increasing demand for food and 
feed forced them to double their cereal imports to 100 million 
tons during the 1970s. 

National planners and the people who administer international 
agricultural programs have focused on cereals research to increase 
food production. Based on the current importance of cereals in 
national food budgets. this is a sound strategy. However. this 
policy has tended to promote the idea that cereals are fie solution. 
rather than one potential so!tion among many. Thus, for ex- 
ample. 1975 research ea, “aditures as a percentage of total value 
of production in Asia were much greater for cereals than for 
roots and tubers (see Table 7), Within the system of international 
agricultural research centers, the support for cassava in 1982 
was only 2 percent of the total budget. while 5 percent of the 
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Table 7 
Developing countries’ expenditures for research on starchy staples, 1975 


nr rr yvonne neers 








Research 
expenditure 
Research compared with 
Value expenditure value of product 
Commodity (million USS) (million USS) (%0) 
Sorghum 1500 12 0.77 
Maize 3000-4000 29 0.75 
White potatoes 1000 8 0.68 
Wheat 5000-6000 35 0.65 
Sugarcane 5009-6000 30 0.50 
Rice Over 13.000 34 0.264 
Sweet potatoes 3000-4000 3 0.09 
Cassava 5000-6000 4 0.07 


es 
Source: Adapted from supporting paper to the “World Food and Nutrition Study” 


(Nashington, D.C.: National Academy of Sciences. 1977), 5:52. 


“Shallow water rice. 0.40. 


total calories in the food-deficient countries cam from cassava. 
The bias toward cereals has tended to obscure the possible role 
of root crops in alleviating the food and basic energy shortfalls 
of the less-developed countries. 

One reason for the lack of attention to root crops. particularly 
cassava. Is the generally held belief that they are not preferred 
food. so that as living standards rise, demand and consumption 
will fall. Hence it is argued that the importance of cassava as 
a food crop will diminish as countries develop. Although this 
scenario may have some validity for cassava meal. it is by no 
means true of fresh cassava and many other cassava products. 


Fresh cassava 

Studies in Indonesia have shown that per capita purchases of 
fresh cassava roots tend to increase as the income level increases 
and then remain stable at higher income levels (see Table 8). 
Similar data have been obteined in Brazil, where the income 
elasticity of demand for fresh cassava was found to be positive. 
and in Ghana. where there was no tendency for purchases of 
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Table 8 
Consumption of fresh cassava and cassava flour (gap/ek) by income class 
in Java, 1976 








Income class ___ Consumption (g/person/week) 
(rupiahs/person) Fresh roots Gaplek 
Less than 1000 203 142 

1000-1999 318 283 
2000-2999 414 215 
3000-3999 527 174 
4000-4999 664 123 
5000-5999 662 78 
6000-7999 640 60 
8000-9999 640 30 
10,000 and above 607 35 


Source: W. O. Jones. Cassava in Indonesia: Preliminary observations, mimeograph, 
Food Research institute. Stanford University (Stanford, Calif.. 1978). 


fresh cassava to decline as the income level increased (see Table 
9). However. similar trends may not hold in urban Nigeria. 
Furthermore. in Indonesia. the cross-elasticity of demand of 
cassava with rice was very high. suggesting that if the introduction 
of better production or storage techniques reduced the price to 
the consumer. cassava consumption would increase substantially. 
Fresh cassava is mainly marketed in rural production areas 
or in urban centers near production areas, but this fact does 
not necessarily indicate a low demand in other areas. I.1 Colombia. 
cassava cannot be grown near Bogota. the largest urban center, 
because the climate of the surrounding farming areas is too cold, 
Nevertheless, there is a substantial market for cassava in Bogota. 
and prices may be up to threefold those received by the farmers. 
In addition. there is a price premium of 40 to 60 percent for 
high quality cassava. These observations indicate that fresh cassava 
of good quality is a preterred food. at least in Colombia. 
Fresh cassava is often the cheapest source of calories in rural 
areas (sce Table 10). Flowever. because of the high marketing 
margin. fresh cassava is often a luxury item in urban centers. 
The bulkiness of the crop and its extreme perishability make it 
expensive to transport and risky to handle. Cassava roots start 
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Consumption of fresh and dried cassava (kokonte) by income class in 
Ghana 


Cassava consumption 


Monthly household ____(cal/persorjday) 
income (Ghana shillings) Fresh Kokonte 
100-199 482 138 
200-249 402 56 
250-299 4c 46 
3C0 and above 453 10 


Source: H. Kanéda ata 6B. F. Jonnston, Urban food expenditure patterns in, tropical 
Africa. Food Research Institute Studies 2 (1961):229-275. 


to deteriorate within 24 hours after harvest. thus the middleman 
has to buy and sell the cassava quickly. In addition. by the time 
fresh cassava arrives at the urban markets, it has often already 
started to deteriorate. so consumers are forced not only to buy 
a low quality product but also to eat tt immediately after purchase 
(except for the affluent who can refrigerate it). Furthermore, 
because low starch content is normally associated with longer 
shelf lite. producers for the urban market are likely to select 
Varieties that have a low starch content. But low starch content 
is related to low quality. Thus. because of the high perishability 
of cassava, the urban price is high. the quality is low. and 
consumers who do not have refrigerators cannot afford to eat 
cassava on a daily basis. Taking steps to improve the shelf life 
of cassava would reduce the consumer price (assuming a down- 
ward adjustment in marketing margin). improve quality, and 
expand demand in urban areas. 


Cassava four 


Cassava flour is an extremely cheap source of calories (see 
Table 10). but it is not a preferred food. Studies on kokonte in 
Ghana and gaplek in Indonesia show that consumption decreases 
as the income level increases (see Tables 8 and 9). Researchers 
in Brazil and Nigeria have found that as income rises. there is 


Table 10 
Prices of cassava relative to prices of other staples 


rg 
Calories of 

cassava that can 

be purchased for 

same amount as 


Crop 1 calorie of 
Country Year compared Cassava form compared food 
rn a 
India 1970/71 rice not stated 2.23 
Indonesia 1976 rice gaplek 2.27 

rice fresh 1.51 

maize gaplek 1.32 

maize fresh 0.87 
Ghana 1955 rice kokonte? 3.18-1.96 

rice fresh 1.94 


maize kokonte@ 1.12-1.33 


8& 


maize 
Nigeria 1973 maize 
rice 
Nigeria 1975/76 maize 
Brazil 1975 rice 
rice 
maize 
maize 


eee 
Sources: India: United Nations, Poverty, unemployment, and development policy: A case study of selected issues with reference to Kerala 


(New York, 1975); Indonesia: W. O. Jones, Cassava in Indonesia: Preliminary observations, mimeograph, Food Research Institute, 
Stanford University (Stanford, Calif., 1978); Ghana: T. T. Pole an, The food economies of urban middie Africa: The case of Ghana, 
Food Research Institute Studies 2 (1961):121-175; Nigeria 1973: J. Goering, Tropical root crops and rural development (Washington, 
0.C.: World Bank, 1979); Nigeria 1975/76: W.N.O. Ezeilo, Intercropping with cassava in Africa, in Intercropping with cassava: Proceedings 
of an international workshop held at Trivandrum, India, 27 Mey.-1 Dec. 1978, ed. E. Weber, B. Nestel, and M. Campbeil, 49-56 (Ottawa, 
Canada: IDRC, 1979): Srazil: Fundacao Instituto Brasileiro de Geografiae Estatistica, Estudo nacional da despesa familiar (Rio de 


Janeiro, 1978). 


4 Dried roots. 


fresh 


gari 
gari 


fresh 


farinha 
fresh 
farinha 
fresh 


0.81-1.11 


1.08 
2.42 


1.23 


2.10 
0.91 
1.75 
0.76 


6€ 
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a tendency for the consumption of dried cassava te fall and that 
of fresh cassava to increase. In general, throughout the developing 
world, the consumption of cassava flour declines as income rises. 
Urbanization also has an effect. With the possible exception of 
parts of West Africa, the consumption of cassava flour tends to 
be lower in urban areas than in rural areas. Since the proportion 
of the population living in cities is rising in most nations, the 
demand for traditional cassava flour products is likely to fall. 
Consequently, population growth may raise the tota! demand 
for cassava flour. but not as fast as the rate of population increase 
if income levels rise and a greater proportion of the total 
population lives in the cities. The net effect of these crosscurrents 
will be relatively little change in the overall demand for traditional 
cassava flour products in areas in which the population increase 
is large and development slow. but in countries with low pop- 
ulation growth and rapid development. demand may fall sharply. 

The situation may be different if a large portion of the 
population is extremely poor. As inconies rise among the ex- 
tremely poor. consumption of cassava flour tends to expand. 
which suggests that if incomes increase. or cassava prices decrease. 
consumption could grow substantially among the very poor. 
Further:nore, cassava demand depends on the relative price of 
other food staples. In Indonesia. where the staple food is rice. 
increases in the price of rice lead to a higher consumption of 
gaplek. 

These observations suggest that if new technology were de- 
veloped to substantially lower the price of cassava flour relative 
to other staples, consumption would increase. This result is only 
likely to occur when people are so poor that they buy the 
cheanest calories. regardless of the form in which they are 
available. It is nevertheless important not to underestimate the 
potential role of cassava as the cheapest source of calories to 
alleviate the caloric deficits of the large number of abjectly poor 
in the lowland tropics. 


Novel uses of cassava flour 


In most developing countries. the demand for bread is in- 
creasing rapidly. Since few of these countries can successfully 
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grow wheat on a large scale. most of them import wheat and 
sell it at subsidized prices. This policy not only strains foreign 
reserves and is costly to the national treasury, it also discourages 
the use of locally produced substitutes. 

Many studies have shown that cassava flour or starch can 
readily be incorporated into bread at levels as high as 10 to 20 
percent with little decline in quality. The addition of steary! 
lactylate or similar additives is necessary to strengthen the dough. 
Although mixing cassava flour with wheat flour will lower the 
protein content of the resulting loaf. that disadvantage can easily 
be overcome by fortifving the cassava flour with soybean flour. 

Much of the research on the incorporation of cassava products 
into bread has been done with cassava starch. and levels of up 
to 40 percent have been incorporated while maintaining ac- 
ceptable loaf quality through tire use of extenders. Cassava starch 
is more expensive than cassava flour because of the high costs 
of processing. so it is preferable to use cassava flour. Bread made 
from cassava flour is of lower quality than bread made from 
cassava starch mixtures, but nevertheless. levels of cassava flour 
as high as 30 percent have been successfully incorporated, and 
10 to 15 percent incorporation produces a loaf that is virtually 
indistinguishable from a pure wheat loaf. In northeastern Brazil 
and Senegal. up to 25 percent cassava flour is frequently used 
in bread. The feasibility of incorporating fresh cassava into wheat 
flour for bread making. thus eliminating the drving process, has 
been demonstrated by the Tropical Products Institute (IPI) in 
the United Kingdom. TPI has produced good quality bread by 
replacing 20 percent of the wheat flour with fresh cassava. 

If government policymakers fostered the incorporation of 
Cassava into bread mixes and eliminated subsidies for imported 
wheat. a large increase in the demand for cassava flour (and 
possibly fresh cassava) seems likely to result. In 1979, Brazil 
announced a plan to gradually remove all special subsidies on 
wheat imports to encourage the use of local products and to 
reduce the drain on foreign exchange. 

Aside from bread. cassava flour can be used in many other 
products, such as cakes and cookies. In India. cassava goes into 
spaghetti and noodles. In Indonesia. gaplek flour is sometimes 
used to extend wheat flour for noodles. and starch is also used 
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as a food product, particularly to produce a snack called Arupuk. 
In Thailand, a major domestic use of cassava is for confectionery. 


FEED 

Cassava has become an important animal feed in the last_20 
years. The most visible evidence is the export of cassava chips 
from Thailand, mostly to the European Community. Thai exports 
rose from 150.000 tons in 1958 to 6 million tons two decades 
later. OF the estimated 25 million tons of fresh cassava that went 
into animal feed in 1978. about Aalf was consumed in developing 
countries, mainly in the Americas. Brazil. whose total production 
for animal teed is estimated officially at 9 million tons but is 
probably closer to 4 million tons. is by far the most important 
tropical user of cassava in animal feed. 


Cassava-based rations 

Early researeh on cassava roots as an energy source for livestock 
showed that pigs and poultry that were fed cassava, even with 
supplemental proteins, had lower growth rates and feed conversion 
efheiencies than animals on cereal-based diets. More recently. 
methionine supplementation has been found to be important. 
Methionine is an essentiat amino acid. and it also plays a role 
in the detoxification of evanide. With the addition of protein. 
methionine. and adequate levels of minerals and vitamins, low 
levels of cassava can replace maize in pig and poultry diets with 
no decrease in performance. At higher levels. problems may be 
encountered tn getting animals to consume adequate quantities. 
The powdery nature of cassava and its tendency to form a paste 
inthe animal's mouth makes it difficult to eat. These problems 
can be largely overcome by pelleting cassava, 

In carefully balanced. pelleted rations. up to 60 percent cassava 
meal can be fed to broiler chickens and up to 30 percent to 
layers. For fattening pigs trom 17 to 35 kilograms liveweight. 
up to SO percent cassava can be used in the diet: for heavier 
pigs. the level can be increased to 70 percent. These data 
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demonstrate the scope for increasing the use of cassava in animal 
diets in tropical countries and reducing imports of cereals, 

Cassava roots are an excellent energy source for ruminants, 
whether dried or, in the case of sweet cassava, fresh. Trials in 
which dairy cattle diets are supplemented with cassava have 
repeatedly shown increases in milk yields, and cassava can readily 
be used to replace cereals in the fattening of cattle. 

In some areas of Brazil. the whole plant is used as cattle 
fodder after being ground and dried. With their high protein 
content (20 to 30 percent), the leaves have been successfully 
used as a protein supplement in beef cattle diets, Research in 
Venezuela and Colombia has shown the potential of green stems 
and leaves from cassava as a high-protein forage crop. Annual 
yieids have been as high as 4 tons of crude protein per hectare. 

The use of the whole cassava plant as a compiete forage has 
some drawbacks. In Thailand. the export of dried cassava leaves 
was considered. but because the leaves are a major source of 
soil nutrients, their loss would have forced growers to purchase 
costly fertilizers to maintain soil fertility. Thus the feeding of 
cassava leaves to animals is likely to be practical only on farms 
where the manure can be returned to the fields. 


Chips and pellets 


In Thailand, Malaysia. and Sumatra, Indonesia, the production 
of cassava chips (small irregular chunks in Thailand, shreds in 
Malaysia. and a variety of shapes in Indonesia) has increased 
tremendously over the last 10 years. The Thai industry is by 
far the largest. and small drying units have been set up in villages 
throughout the cassava production areas of Thailand. A small 
unit processes about 16 tons of cassava a day. The roots are 
loaded by hand. or by conveyers. into small. locally built chippers. 
The chips are then spread on concrete drying floors by hand, 
mainly by women, and turned every few hours during the dav 
for 2 to 4 days until they are dry enough to be packed into 
bags. If it rains before the cassava is dry, the chips are pushed 
into small piles and covered until the rain stops. 

These activities employ many people. One plant in Thailand 
has 70 workers and processes about 40 tons of fresh cassava per 
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With cassava chippers and concrete drying floors, dried cassava can be produced 
at low cost. (Source: CIAT) 


day. Thus the labor for processing is about 2 man-days per ton 
of fresh cassava, These figures suggest that Thailand, which 
annually processes close to 12 million tons of fresh cassava, 
employs 100.000 people or more in the cassava drying industry. 
Malaysia has a rether similar systeni but there tractors are often 
used to spread ind collect the cassava. One study in Malaysia 
showed that a unit processing 12 to 13 tons a day of fresh roots 
emplove? 16 to 20 people: however. another unit with two 
tractors processed [& to 26 tons a day with only 12 people. The 
use of tractors for spreading chips in Thailand is becoming more 
common. 

In Thailand. the cassava is pelleted after drying. Much of the 
equipment tn the pelleting plants was imported until recently. 
but most plants now use locaily made equipment to proc.ace 
what are called “native pellets.” In this manner. the expanding 
Thai cassava industry provides considerable employment at the 
farm level in production and at the village level in the drying 
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and pelleting plants, and it stimulates the development of local 
machinery fabricators. 


Future demand for cassava as animal feed 


The fact that the European Community (EC) is the largest 
consumer of cassava for animal feed is related to the heavy 
tariffs the EC imposes on imported grains and compound feeds 
to protect its cereal growers. Under the General Agreement on 
Tariffs and Trade (GATT), cassava. which was not an important 
feedstuff at the time the agreement was made. was given a special 
tariff of only 6 percent. or 18 percent of the levy on barley, 
Whichever is lower. These low tariffs have made cassava chips 
an economically attractive alternative to cereals for feed com- 
pounders in Europe. 

In 1980. the cassava export trade was dominated by Thailand. 
which exported 80 percent of the total. and Indonesia. which 
exported 12 percent. Thailand has developed a deepwater port 
with storage facilities specifically for cassava exports. and it 
realizes considerable economies of scale by shipping in batches 
of up to 100,000 tons. It would be very difficult for any country 
to displace Thailand from its dominant position in the export 
market unless the price of the raw material were substantially 
lower or the quality substartially higher. 

The Thai chipping. drying. and pelleting industry is based 
on low-cost technology. This situation results in a cheap but 
poor quality product. which is sometimes adulterated with sand 
and other substances such as wood chippings. The country’s 
prospects for expanding exports to Europe are cloudy. Because 
the imports of cassava have Jecreased the demand for barley, 
there is considerable pressure on the part of European farmers 
to raise the taritis on cassava. Without the special tariffs, cassava 
might not be competitive. So far there has been no change, but 
Thailand has agreed to restrict its exports voluntarily, and foreign 
aid 1s being made available to develop alternative cropping systems 
in the main producing areas of northeastern Thailand. 

Other countries might be able to enter the cassava trade if 
better drying methods could enable them to produce a higher 
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quality product to be sold at a premium price and if new markets 
such as Japan and South Korca were developed. Japan annually 
imports some 9 million tons of maize and 5 million tons of 
sorghum, which might be replaced, at least in part, with cassava 
products. Because Japan has a positive trade balance with many 
of the world’s largest grain producers, it finds it expedient to 
import grain from them, but South Korea arranged to import 
30.000 tons of cassava chips in 1982. 

The Soviet bloe also imports vast amounts of cereal grains. 
In recent years. the USSR alone imported mcure than 13 million 
tons of maize a vear. The USSR aims to increase meat production, 
and to achieve this goal. it requires large quantities f low-cost 
energy for animal rations. This demand has been met by imports 
from the traditional grain-exporting countries, but at least some 
of this demand could be satisfied in the future by Jarge imports 
of cassava chips and pellets. However, as most developing coun- 
trics are Importers of basic energy sources, such as cereal grains, 
it is probably more sensible for them to satisfy their internal 
demand before moving into the export trade, which is highly 
competitive. 

Since the 1960s. the burgeoning production of pigs and poultry 
in developing countries has caused dramatic increases in imports 
of sorghum, maize. and soybeans to feed to the animals. As the 
demand for meat continues to rise, developing countries will 
have to sharply escalate their feed grain imports, expand their 
production of cereals. or find alternative energy sources for 
animal rations. Increased imports will further strain the balance 
of payments in the developing world and will not help nations 
create wealth or employment within their own borders. Expansion 
of feed grain production. particularly sorghum, has reduced 
many countries’ dependence on imported cereals for animal 
feed. but feed grain production frequently uses land and other 
resources. such as irrigation, that could otherwise be utilized for 
the production of food. A substitute crop that could be grown 
with few purchased inputs on land that is unused or of only 
marginal utility for the production of food crops would be more 
efficient. Cassava has the potential to fulfill this role. Studies in 
Colombia have shown that even at yield levels as low as 15 t/ 
ha, cassava can compete with cereals such as sorghum. 
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Mexico, which imports 4 to 5 million tons of cereal grains 
per vear, of which J to 2 million tons are destined for use in 
balanced diets for swine production, has embarked on an am- 
bitious project to produce cassava on the poorer soils of the 
southeastern part of the country. This project promises not only 
to reduce dependence on imported grains but also to be a factor 
In raising incomes in one of the least-developed areas of Mexico. 

Malaysia imports considerable quantities of cereal grains— 
more than 400,000 tons of maize a vear from 1979 to 1981. 
Increased cassava production is replacing imported cereal grains 
in that country: In 1970, it was estimated that up to 28,000 
tons of chips and pellets were being incorporated into animal 
rations by the feed millers, and by 1980. over 30 local feed 
mills were using cassava products in their rations. 


INDUSTRIAL USES 


Cassava is a common raw material in starch production. 
Cassava starch has uses in the food industry, for papermaking, 
as a lubricant in oi! wells and in the textile industry, and as 
the substrate for the production of dextrins. which are used in 
glues. Between the two world wars. alcohol was produced from 
cassava in Brazil and Australia. This use declined with the 
availability of cheap supplies of petroleum products, but there 
has been renewed interzst in producing alcohol from cassava as 
the price of crude oil has risen. 


Starch 

The cassa ‘a growing areas of the Americas and Asia are dotted 
with small starch factories, which depend on nearby farms for 
supplies. The factories are highly labor intensive: however they 
manufacture only a small fraction of the total starch supplies. 
These units typically have an output of | ton of dry starch per 
day from 5 tons of fresh cassava and employ five to eight people. 
The cassava is peeled manually. but the rest of the processing 
is semimechanized. thus allowing one person to process ap- 
proximately | ton of fresh cassava per day. Due to the low 
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Small starch extraction plants are commonplace in cassava growing areas of 
Latin America. (Source: CIAT) 


quality of the starch. these small factories are finding it increas- 
ingly dificult to compete with the large mechanized plants. which 
are less labor intensive. 

From the ra/laderos of Colombia that produce up to a ton 
of starch pee day to factories in Phailand and Malaysia that 
produce more than 100 tons of starch per day. the process of 
starch extraction is essentially the same. The roots are washed. 
peeled. and finely grated. The liquor containing the starch 1s 
separated from the fiber by some form of filtration, and the 
slarch is then separated from the water by sedimentation or 
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centrifugation. After being dried naturally or passed through 
artificial driers. the starch is milled to a fine powder. 

In parts of Colombia and Brazil. a special sour starch is made. 
Wet starch is allowed to ferment for as long as 20 days. and 
then it is dried in the normal manner. The starch has a distinctive 
flavor and is mixed with cheese, eggs. and waier to make a 
traditional bread. pan de vuca (literally. cassava bread). 

Cassava starch is produced in most of the cassava growing 
countries of Asia and the Americas and in Togo in Africa. But 
many of the producer countries also import starch periodically. 
In 1974, Brazil imported US$1.4 million of starch products from 
the United States. In the first 9 months of 1976. Indonesia 
imported 59.000 tons of cassava starch, although it exported 
starch in the 1979-1980 period. In 1982. Indonesia again imported 
starch from Thailand. Small quantities of cassava starch are also 
imported by the Philippines and Guyana. These countries have 
the possibility of becoming self-sufficient in starch production. 

The largest importers of cassava starch are the United States 
and Japan. though imports by the United States have declined 
in recent vears. The cassava starch market has been plagued 
with problems of erratic supply and low quality. Thailand is 
the largest cassava starch exporter. Its modern starch mills produce 
a steady supply of a high quality product. 

The international starch market is highly complex. and with 
the rapid development of modified starches. developed countries 
may be difficult markets to enter. Cassava starch is. however, 
preferred for the preparation of certain foods and for papermaking 
and the cardboard industry, indicating a continued but probably 
small export demand. 

Starch 1s an important input in the textile industry. where it 
is used both as a lubricant and for sizing. In developing countries 
that have large textile industries. the potential demand for cassava 
starch may be substantial. The possibilities of using cassava 
starch as a sweetener have not been examined in great detail. 
In developed countries. fructose syrups are being used increasingly 
to replace sugar. and since the raw material in the production 
of fructose syrup is starch. cassava might be used as the basis 
for a fructose syrup industry. Indonesia. which imported 782.000 
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tons of sugar in 1981, has built several plants to produce fructose 
syrup in order to replace imports. 


Alcohol 


In the 1970s. when the Brazilian national petroleum company, 
Petrobras, made plans for replacing much of the gasoline it uses 
with alcohol, there was considerable skepticism. Increasing prices 
of petroleum products have. however. shown that the Brazilian 
approach to the energy crisis may have considerable potential. 
As the supply of petroleum products becomes tighter, demand 
for petroleum substitutes such as aleohol will increase. and it 
will be difficult to satisfy this demand. Government agencies in 
Colombia. Thailand, the Philippines. Zambia, Papua New Guinea, 
and Zimbabwe are studying the feasibility of producing cassava 
aleohol as a petroleum substitute. Cassava is a particularly 
attractive source for alcohol production since it can be produced 
on marginal land and need not compete fcr land used for food 
crops. 

In 1980. Brazil produced enough alcohol to replace 20 percent 
of the gasoline needed for automobiles in that county. Most of 
the alcohol was obtained from the fermentation of sugarcane, 
which was possible because of th low world price of sugar and 
a surplus sugar production in Brazil. However, in the future. it 
will not be possible to obtain increased alcohol supplies from 
Sugarcane, Which requires prime agricultural land. without im- 
pairing the country’s capacity to produce food. Consequently, 
Brazil plans to greatly expand the production of alcohol from 
cussava grown in less-favored agricultural areas. 

A major question concerning the production of alcohol from 
cassava is the energy balance of the system. When sugarcane is 
used to make alcohol. the bagasse is burned to provide energy, 
No technology for using cassava stalks in a comparable manner 
has vet been developed. though the use of the stalks would 
greatly improve the net energy ratio. In Brazil. where the cassava 
distilleries burn firewood, the total system of cassava production, 
forestry, and alcohol production was analyzed, and the net energy 
ratio was found to be close to ¥ to 1. However. other calculations 
are not so favoruble—some are as low as 1.2 to |. 
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The energy used in the distillation process is considerable (see 
Table 11), but technological advances should reduce the distillation 
requirements considerably. Alcohol-tolerant yeasts, for example. 
can increase the ethanol (alcohol) content of the fermentation 
liqucr from 6 to 12 percent and reduce the energy required for 
distillation by 30 percent. Furthermore, most of the estimates 
for cassava are based on rather conservative yield figures relative 
to the level of agricultural inputs. such a; fertilizers, used in 
the calculations. As new production technology raises crop yields, 
the net energy ratio of cassava alcohol should improve. Even 
now the net energy ratio is positive. although at times it is 
relatively small. Development of improved technology for con- 
version to alcohol should also enhance the net energy ratio. 

Producing alcohol from cassava cannot be recommended 
indiscriminately as a solution to the energy problems of devel- 
oping nations. Alcohol production will surely always take second 
place in the allocation of resources after food production. As a 
result, cassava alcohol production will only be feasible in countries 
that have large areas of land that are not needed fer food 
production and that have a cassava production potential that is 
greater than the direst demand for food. Furthermore. with 
present technology. distilleries require a cheap energy source for 
fuel to make the process worthwhile. 

The Brazilian cassava project has caused concern that the 
consumption of cassava by the distilleries might cause shortages 
of the roots and thus drive up the price of cassava for human 
consumption. This problem seems unlikely because the success 
of the alcohol project depends on a cheap and abundant supply 
of cassava. There has also been concern that the new alcohol 
plants may attract large growers who will swamp the small 
growers. The Brazilian government has attempted to avoid this 
problem by constructing “mini-factories” (aini-usinas). which 
can buy from the small farmer. The presence of nearby mini- 
factories should stabilize cassava prices in an area and give 
farmers a larger and more dependable market. 

The development of a national alcchol program will create 
new opportunities for cassava growers and lead to greater em- 
ployment and wealth in the rural areas. Roads. electricity, and 
other forms of infrastructure will be required if the project is 


Table 11 
Net energy ratio (NER) of cassava and sugarcane alcohol (produced by various methods) 

















System Energy Energy consumed (kcal/ha) 
Raw produced Agricultural 
material Fuel Drying \xcal/ha) transportation Distillery Total NER 
Sugarcane 5,590,000 640,000 20,000 660,000 8.47 
Cassava Cassava 
Stalks Sun 5,570,000 700,000 420,000 1,120,000 4.97 
Cassava Cassava 
stalks Mechanical 5,570,000 760,000 680,000 1,440,000 3.87 
Cassava Oil 5,570,000 480,000 4,110,000 4,590,000 1.21 


eee 
Source: T. P. Phillips. Economic implications of new techniques in cassava harvesting and processing, in Cassava harvesting and 
processing: Proceedings of a workshop held at CIAT, Cali, Colombia 24-28 April 1978, ed. E. Weber, J. H. Cock, and A. Chouinard, 
66-74 (Ottawa, Ont.: IDRC, 1978). 


«Per cubic meter of absolute alcohol. 
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to be successful, and those improvements should directly benefit 
the rurai population. In addition, most of the equipment needed 
for the alcohol plants is made in Brazil, and its construction 
and later maintenance and operation are done by Brazilians. 
Thus the alcohol program will stimulate industrial development 
and employment within Brazil. 


3 
Cassava production 





Most of the world’s cassava is grown by small farmers who 
employ traditional production systems, which give low but stable 
yields. Areas that produce cassava tend to have few roads or 
other infrastructure. and the soils generally are poor. Growers 
use very labor-intensive agronomic practices; only land prepa- 
ration is fairly often mechanized. 


FARM SIZE AND LABOR USE 


In Asia, farms of cassava growers are small. Even in Thailand, 
where cassava is grown almost exclusively for export, the average 
cassava producer has only 3.3 hectares. In India, where cassava 
is mainly produced for local consumption, cassava growers’ farms 
are usually less than | hectare. and there are many backyard 
patches in urban areas. Indonesia has a few large cassava plan- 
tations, but most of the farms are very small. In both the 
Philippines and Malaysia, cassava is grown as a backyard crop 
and as a plantation crop. Plantations may have 20 hectares or 
more of cassava. but their aggregate output is only a small 
fraction of total production. 

Information about the average farm size of cassava producers 
in Africa is scanty. In southern Nigeria, where most of the 
country’s cassava is grown. three-fourths of the farms are under 
| hectare. The lack of mechanization and the preponderance of 
shifting cultivation in Africa sugges: that that farm size may be 
quite typical of the continent. 

Farms tend to be larger in South America. Of the area planted 
to cassava in the three primary producing countri¢s—Brazil, 
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Paraguay, and Colombia—40 10 50 percent is on farms of 10 
hectares or less. There is tremendous variability in farm size, 
even between regions within the same country. One survey in 
Ecuador found that two-thirds of the cassava producers plant 
fewer than 6 hectares of cassava, but farm size ranged from less 
than | hectare to over 900 hectares. In one of the zones studied, 
the majority of the farms were smaller than 2 hectares, while 
in another zone, the majority of the farms were larger than 10 
hectares. Despite the size of their farms, South American cassava 
growers are not necessarily more prosperous than farmers else- 
where. Much of the land used for cassava has extemely low 
fertility and is considered marginal for agricultural production. 
The majority of the cassava producers have very limited resources 
to work with. 

Most cassava is produced by hand except that land preparation 
is mechanized in some countries. In Colombia, a survey showed 
that shghtly more than half of the farmers plow with tractors. 
and the proportion is rising. In Thailand and Malaysia. too, 
most of the land for cassava is prepared mechanically. In India 
and Indonesia, however. much of the tillage is done manually 
or with draft animals. In Africa, land for cassava is usually tilled 
by hand because the crop is grown predominantly in areas that 
lack draft animals due to the presence of sleeping sickness spread 
by the tsetse fly. Manual land preparation is slow. In one area 
of Colombia, land ‘clearing and preparation required 33 man- 
days per hectare. and throughout Colombia. it averaged 25 days. 
Similar amounts of time are spent in Zaire (see Table 12). There 
are considerable differences in the time required for the various 
cperations. In shifting cultivation in Zaire, planting is the most 
time-consuming operation, probably because there is little prior 
working of the soil. But because ihe farmers clear the ground 
by burning off vegetation, weeds are suppressed, and as a result. 
weed control requires less labor in Zaire than in Colombia or 
Thailand. In the latter two countries. weed control is almost 
entirely manual and is the most laborious activity in producing 
the crop. 

Harvesting and packing takes considerable labor, too—up to 
50 man-days per hectare in Zaire but only 20 man-days per 
hectare in Thailand. where yields are slightly greater. The time 
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Table 12 
Labor use for producing cassava in three countries (worker-days/ha) 
_Colombia _ Thailand ___Zaire 
Task A B A BC BD 
Land preparation 25 10 25 16 
Planting 9 11 10 35 35 
Weeding 47 44 33 10. 10 
Harvesting 
and packing 31 25 20 50 50 
Total 87 105 73 120 111 
Yield (t/ha) 11 11 15 10 10 
Worker-days/ton 8 10 5 12 11 





Sources: Colombia: R. O. Diaz. P. Pinstrup-Andersen, and R. D. Estrada, Costs and 
use of inputs in cassava production in Colombia: A brief description (Cali, Colombia: 
CIAT. 1975); Thailand: T. P. Phillips, A profile of Thai cassava production practices, 
in Proceedings of the Fourth Symposium of the tnternational Society for Tropical Root 
Crops held at CIAT. Cali, Colombia, 1-7 August 1976, ed. J. H. Cock. R. Macintyre, 
and M. Graham. 228-232 (Ottawa. Canada: IDRC, 1977): Zaire: B. F. Johnson, The 
staple food economies of western tropical Africa (Stanford, Calif. Food Research 
Institute, Stanford University. 1958). 


Note: A land prepared mechanically: B land prepared manually; C - after 
clearing forest: D after clearing forest regrowth 


needed for harvesting and packing is greatly influenced by the 
ease of harvesting the variety. the type of soil, and the way the 
roots are packed. 

The total labor requirements -n the three studies shown in 
Table 12 are rather similar when allowance is made for mechanical 
or manual preparation of the land. Other studies, however, have 
found much higher labor use elsewhere: 200 man-days per hectare 
in Nigeria: 300 man-days per hectare in Indonesia, and as an 
average for all of Africa: and 100 man-days per hectare in the 
Philippines for harvesting only. Little information is available 
to explain these extraordinarily high figures. In general, however. 
it seems that with mechanical land preparation. | hectare of 
cassava requires 70 to 90 man-days of labor and with manual 
land preparation. it requires 100 to 200 man-days. 

Per hectare. cassava requires more labor than most other 
starchy staples. However. when the comparison is made in terms 
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of labor input per calorie harvested in traditional agricultural 
systems, cassava’s labor requirements are not excessive. 


PRODUCTION AREAS 


Although cvssava is grown under diverse conditions throughout 
the tropics. several broad categories encompass the vast majority 
of cassava production areas. 


Lowland tropical areas with a pronounced dry season 


Nearly half the land planted to cassava is in lowland tropical 
areas that have a pronounced dry season. Examples are north- 
eastern Brazil, the north coast of Colombia. India. Thailand, 
Java, and parts of Zaire and Tanzania. These areas receive 800 
to 2000 millimeters of rain a year and have a 3- to 6-month 
dry period in which less than 10 percent of the total annual 
rainfall occurs. Mean annual temperatures are greater than 22° 
C, Soils are usually light in texture. of inherently lew fertility, 
and acid. with pH values reaching as low as 4.5. 


Hot, humid lowland tropics 

Cassava growing areas in southern West Africa. parts of Zaire, 
the Amazon jungle. end the less densely populated areas of 
Indonesia are classified as hot. humid lowland tropics. Over 1500 
millimeters of rain falls annually: the dry season (or seasons) is 
normally shorter than 3 months. The mean temperature is 22° 
C or greater with little seasonal variation. The natural vegetation, 
tropical rain forest or regrowth. has to be cleared betore planting. 


The acid-infertile savannas 

There are vast areas of underutilized acid-intertile soils in the 
tropics. most of which are covered by jungie or savanna vegetation, 
These suils. called Oxisols and Ultisols. occupy some 1600 million 
hectares in 48 developing countries. The savanna areas have 
tremendous potential for crop production of species that are 
well adapted to these conditions. The climate of savanna areas 
is characterized by a pronounced 3- to 6-month dry season. 
Soils have pH values as low as 4.0 and often contain levels of 
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exchangeable aluminum high enough to be toxic to crops. In 
Colombia, Venezuela. Brazil. and Bolivia, savannas are traditional 
cassava growing areas. 


Areas with a cool winter season 

Cassava is grown as far from the equator as 30° north and 
30° south farttudes. These areas have a cool winter—frosts occur 
in the more extreme situations. and snow occasionally falls— 
but the annual average temperature is usually over 20° C. and 
summer temperatures are always high. Annual rainfall is 1000 
millimeters or more. with most of the rain falling during the 
hot summer months. Cassava is grown under these conditions 
in southern Brazil. Paraguay. northern Argentina, Cuba. south- 
eastern United States (Florida). Taiwan. and southern China. 


Highland tropics 

Cassava production at elevations of 1500 to 2300 meters above 
sea level occurs only in the Andes of Peru. Ecuador, and Colombia 
and the mountainous regions of tropical Africa. Annual rainfall 
in these highland areas is over 1500 millimeters, but it is rather 
uniformly distributed throughout the vear. The average annual 
temperature is between 17° C and 22° C, 


PRODUCTION PRACTICES 


The broad array of ecological and sociological conditions 
under which cassava is grown gives rise to extreme diversity in 
production systems and practices. Nevertheless. certain produc- 
tion practices are widely used. Annual vields of more than 70 
/ha of fresh roots have been obtained on experimental plots. 
and yields of over 40 t/ha a year have been reported by many 
experimental stations in different parts of the world. In Colombia. 
some farmers have obtained vields of over 40 t/ha. and in some 
vears the average vield of good farmers in the Caicedonia area 
has been estimated at 345 t/ha. 

Among countries with more than 50.000 hectares planted. the 
highest vields are in Angola (14.2 t/ha) and India (16.7 t/ha). 
World average vields. however. are less than 9 t/ha. and close 


Cassava production 59 


to a quarter of the countries that grow cassava have yields of 
less than 4 t/ha. Thus even the highest national yields are well 
below thuse obtained on experimental plots, and yields in most 
countr‘es are a mere fraction of the potential. 

A few studies have been made of the causes of low yields in 
farmers’ fields in relation to those obtained on experiment siations 
and in trials established in farmers’ fields. Studies in Thailand, 
Nigeria, Colombia, and Ecuador have highlighted the importance 
of pests and diseases. soil fertility, mixed cropping, poor quality 
of planting material, suboptimal agronomic practices, and lack 
of high yielding. disease- and pest-resistant varieties in keeping 
farmers’ cassava yields at a low level. 


Land preparation 


Cassava is grown in shifting culture in much of Africa and 
parts of Asia and the Americas. Farmers cut forest or savanna 
vegetation and burn it before hoeing the land. They then dig 
holes. place organic matter in them, and heap up the soil to 
produce mounds on which cassava and other crops are planted. 
In parts of Colombia where erosion is a problem. farmers do 
not prepare whole fields for cassava: rather. they till small patches 
(about 50 x 50 centimeters) on which the cassava is to be planted. 

When the entire field is tilled. it may be done by hand. with 
draft animals. or by tractor. When preparation is by mechanical 
means, the land is normally plowed and than harrowed or disked. 
In areas where drainage is a problem, the land is heaped in 
mounds or ridges, and the cassava is planted on the crest. 


Varieties 

Cassava production has not had the benefit of the decades of 
research that have been devoted to cereal crops. Most cassava 
varieties are traditional clones that have been selected by farmers, 
Since cassava is an introduced species in Africa and Asia, farmers 
have made their selections from a limited genetic pool. Due to 
a lack of variability within Manihot esculenta, scientists ir, Africa. 
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India, and Indonesia have turned to interspecific crosses as a 
means of increasing variability. 

In Indonesia, Mukibat, a farmer, developed a grafting tech- 
nique. which now bears his name, in which “tree cassava” 
(Manihot glaziovii) is used as the scion and cassava as the root 
stock. This system and others based on multiple grafts are used 
by many small farmezs in eastern Java. Although it is doubtful 
that grafting is advantageous in large plantings. it allows extremely 
high vields io be obtained from a small number of plants grown 
around a house. The vigorous top growth also provides shade 
for the living quarters. 

A small number of clones dominate Asian production areas: 
in India, M-4 i» troduced from Malaysia: in Malaysia. Black twig 
and Green twig: in Taailand, Rayong 1. In West Africa and the 
Congo basin. there is a wider range of genetic variability, and 
farmers often plant several different clones in the same field. 
Latin America has much greater variability in its clones than 
do the other continents. Within the regions of Latin America, 
there are large numbers of local clones. each of which has special 
characteristics. Farmers often grow several clones and keep 
naturally occurring hybrids that germinate from sexual seed. 
These collections of cassava are tested and observed by the 
farmers and may eventually be used in their cropping areas. 

The potential for yield increase by varietal improvement is 
enormous. In trials carried out by Centro Internacional de 
Agricultura Tropical (CIAT) under a wide range of ecological 
conditions. the best lines outvielded the local lines by more than 
50 percent. even with minimal levels of fertilizers and fungicides. 
Similarly high vields of new hybrids have been obtained by the 
Central Tuber Crops Research Institute in India and the Inter- 
national Institute of Tropical Agriculture in Nigeria. 

New varieties are not yet widely distributed, and this factor 
also contributes to the yield gap. Care should be taken, however, 
before massive multiplication and distribution of new varieties 
are attempted. Experience gained in both India and Colombia, 
where the fresh market is important, has highlighted the im- 
portance of quality to consumers. High yielding varieties may 
not he more profitable for farmers unless those varieties are well 
accepted. When lines have poor root quality, high yield may be 
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Because it spoils quickly. freshly harvested cassava must be taken to market 
every day. (Source: Ulrich Scholz) 


inadequate to compensate for the low price they fetch in the 
market. 

In addition. many clones do not adapt easily to new conditions. 
For example. in Colombia. a clone selected at a lowland site 
was. without further testing. recommended for planting in a 
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nearby region at a different altitude. The new, high yielding 
clone failed when it succumbed to a disease that was not present 
in the warmer temperatures of the initial testing site. 

These words of caution are offered to explain why high yielding 
varieties are not in common use rather than to belittle the 
possibility of their becoming widely adopted. In southern Brazil, 
the hybrid variety Mantiqueira. des cloped by the Instituto Agro- 
nomico de Campinas. is grown over a broad area, and yields 
are high. This variety is also grown commercially in Cuba, the 
Dominican Republic. and Coloinbia. 


Planting material 


The planting material for cassava is the stems of mature plants 
(at least 8 months old). At harvest time. farmers set aside stems 
as planting material for the succeeding crop. The material may 
be planted immediately or stored for up to 6 months if the 
harvest period does not coincide with planting time. Planting 
material is taken from the woody part of the stems. If it is 
intended for storage. it 1s cut into stakes at least ! meter long 
and kept in the shade. or it is placed in bundles with the basal 
parts buried in the soil in the shade of a tree. The stored stakes 
produce shoots from their upper ends. and the shoots are trimmed 
off before planting. In southern Brazil. where cuttings have to 
be held through the cool winter, they are stored in underground 
shelters to protect them from frost damage. 

Farmers have difficuity in assessing the quality of planting 
material. They pay attention to the germination of the planting 
material and initial vigor of the new plaris. but they usually 
do not know the nutritional and phytosanitary status of the 
original cuttings. Even though different planting materials may 
have similar germination or sprouting percentages. and though 
all new plants mey appear equally healthy. vields may differ 
greatly depending on the nutrition and disease status of the 
original plants from which the cuttings were taken. The keys 
to choosing planting material that will give satisfactory yields 
are careful selection of cuttings. treatment. and proper storage 
(see Chapter 4). 
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Cuttings for the next planting are taken from mature plants just 3efore harvest. 
(Source: CIAT) 


Planting: Timing and method 


Just before planting. the planting material is cut into pieces 
10 to 30 centimeters long. but occasionally longer. These cuttings 
are then planted horizontally. vertically, or inclined. In horizontal 
planting. the pieces are buried 4 to 10 centimeters below the 
soil surface. In vertical or inclined planting. only a half to two- 
thirds of the length of the pieces is covered with soil. If ridges 
or mounds have been prepared. the stakes are planted on the 
upper part. In parts of Cuba. where water is applied in furrows 


64 Cassava production 


after planting. the cuttings are planted at the bottom of the 
ridges, but this planting practice is disappearing because it results 
in low vields and root rots. 

From 7000 to 20.000 stem pieces are planted per hectare. 
High populations are used if the soil fertility is low, if cassava 
is being grown in monoculture. or if erect, low-branching varieties 
are being planted. The most common population is about 10,000 
plants per heetare. 

Although cassava is relatively drought tolerant once established, 
it requires adequate soil moisture for the first 2 to 3 months 
after planting. In areas with a dry period. cassava is normally 
planted at the beginning of the wet season, but secondary plantings 
are often made 2 to 3 months before the onset of the dry season. 


Soil fertility 

Cassava is usually grown without fertilizer on soils that have 
inherently low fertility. In addition. it is frequently the last crop 
in the rotation before a fallow period because it is able to grow 
and vield well. relative to other crops. in poor soils. Farmers 
are well aware of the ability of cassava to grow on depleted 
soils. The Campa Indians of Peru. for example. plant cassava 
as a sole crop on the steepest. least-fertile slopes in their slash 
and burn agriculture. On more level. more fertile land. they 
intercrop cassava with maize in the first planting. and as fertility 
declines in subsequent plantings. they lower the density of maize 
plants and increase the density of cassava plants. 

Farmers who use no fertilizer must leave the land fallow 
periodically. In a fallow or shifting culture. the vield of cassava 
is closely related to the duration of the fallow and the number 
of crops that have preceded the cassava since the last fallow, 
But population pressure in many countries has become too great 
to allow large tracts of land to lie fallow (or to revert to forest 
or savanna vegetauion) long enough to regain fertility. Conse- 
quently. cassava vields decline. 

In a few countries. small furmers who are short of land and 
are unable to maintain long fallows are beginning to apply 
fertilizer to cassava. On large plantations in Malaysia. cassava 
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has been continuously cropped for up to 15 years. and yields 
have been maintained. in the absence of disease problems, if 
chemical fertilizer has been applied. 

Some growers who use no chemical fertilizer on cassava apply 
fertilizer to the cash crops that precede the cassava in the rotation, 
and the cassava exploits the residual fertilizer. This practice is 
vommon in parts of Brazil and Peru where cassava follows 
tobacco. 

Cassava has long been thought to “deplete” or “exhaust” the 
soil. For this reason. the British Colonial Service. early in this 
century, attempted to restric cassava growing in Malaya, mark- 
edly reducing the cassava area there. More recently, the Thai 
Ministry of Agriculture beeame concerned about criticisms of 
cassava and attempted. unsuccessfully, to limit cassava growing 
in that country. 

Many trials have shown that cassava does extract significant 
amounts of nutrients from the soil. Per unit of dry matter 
produced. however. the quantity of nutrients, other than potas- 
sium. that it takes from the field is no greater than that extracted 
by many other crops (see Table 13). This fact suggests that 
cassava’s reputation for depleting the soil is undeserved. It 
probably comes from cassava’s ability to grow on soils already 
so depleted that most other crops cannot be grown on them. 
In such circumstances. it is not due to cassava per se that other 
crops cannot be grown on those soils once a cassava crop has 
been grown and harvested. Yet it is impossible to expect cassava 
to reach its vield potential on depleted soils unless fertilizer is 
applied. The lack of even moderate fertilizer use in cassava 
production is a major factor in keeping farmers’ vields far below 
the potential. 

On experiment stations. the response obtained from applying 
fertilizer is often greater than that encountered on farmers’ fields 
because scientists normally grow their trials under optimum 
conditions. Fertilizer application may increase disease incidence 
and weed competition. hence it is important for researchers to 
avoid viewing the application of fertilizers in isolation. Rather. 
it should be considered as part of the improved technology that 
can be used to reduce the vield difference. In some regions in 
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Table 13 
Soil nutrient extraction by various crops 


Nutrient extraction 


(kg/ton of dry matter harvested) 


Crop N P K Ca Mg 
Cassava (roots) 6 1 11 1.6 0.6 
Barley (grain) 21 5 6 0.9 1.4 
Maize (grain and cob) 15 3 6 0.5 1.7 
Potatoes (tubers) 10 2 22 0.8 1.3 
Rice (grain with hulls) 13 3 4 0.4 1.6 
Sorghum (grain) 20 4 4 0.5 1.9 
Wheat (grain) 18 4 6 0.6 1.8 


Sources: J. A. Nijhoit, Absorption of nutrients from the soil by a cassava crop (in 
Dutch), Buitenzorg Algemeen Proefstation voor den Landbouw, Korte Mededeelingen 
no. 15 (Buitenzorg [Bogor], Indonesia, 1935); National Academy of Sciences, Nutrient 
requirements of beef cattle (Washington, D.C., 1970); National Academy of Sciences, 
United States-Canadian tables of feed composition (Washington, DC., 1969). 


which cassava is intensively cultivated, such as Cuba, southern 
Brazil. and Australia, fertilization is common and no doubt 
contributes to the high vields. 


Mixed cropping 


Interplanting cassava with another crop generally reduces 
yields. In trials in Colombia, for example. intercropping reduced 
average yields by an estimated 1.9 t/ha: in India, where cassava 
is frequently grown under coconut trees. yields are reduced 
greatly, 

The “gap” between farmers’ yields and experiment station 
yields is in part due to mixed cropping. Although 30 to 40 
percent of the world’s cassava is grown in association with other 
crops. almost all vield data from experiment stations refer to 
yields in monoculture. But since the total production of food 
per hectare may well be increased by intercropping, the resulting 
reduction in cassava yield should not be viewed with alarm. 
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Cassava fits intercropping systems well, Particularly with grain legumes. (Source: 
CIAT) 


Weed control 


Weed control is important in the early growth stages because 
a cassava crop is slow to establish and cover the ground. Weeding 
is often the most labor-intensive aspect of cassava production. 
Land preparation provides initial weed control. but later, up to 
SIX or seven Weedings with a hoe or a machete may be necessary, 
Gnee the crop is well established. shade from the cassava leaf 
canopy prevents weeds from offering strong competition. 


Pests and diseases 


Cassava is generally thought to be extremely tolerant of disease 
and pest attack. This perception stems largely from its tolerance 
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to attack by locusts in Africa; but a large number of experiments 
have shown that other pests and diseases rarely cause complete 
crop failure, though they may severely depress yields. Surprisingly, 
the vield losses are not greatest in the most conspicuous attacks 
by pests, such as hornworms. that sporadically cause complete 
defoliation. Rather, the most costly diseases and insects are those 
that are present throughout the crop’s growth cycle. such as 
African mosaic disease. cassava bacterial blight. Cercospora leaf 
spots, and spidermites, 

Losses vary tremendously from region to region. Latin America. 
the center of origin of cassava, has all major problems except 
locusts and African mosaic disease. Historically, Africa has been 
in closer contact with the Americas than with Asia, mostly 
because of the slave trade. This contact led not orly to an 
exchange of cassava clones. but also to a transfer of the diseases 
and pests that attack them, Asia on the other hand has been 
relatively isolated from Latin America. and its disease and pest 
incidence is much lower than Africa’s (see Table 14), 

There is little information about crop losses that result from 
diseases and pests in farmers’ fields. Estimates from a survey in 
Colombia indicated that superelongation disease and Cercospora 
leaf spots. when present. each reduced yields by 3 t/ha or more. 
In Nigeria, yield losses due to cassava bacterial blight have been 
estimated to be as high as 75 percent. and in Zaire in the mid- 
1970s, an epidemic of the disease caused severe yield reduction, 
In another instance. the introduction of cuttings infected with 
cassava bacterial blight lowered vielés by approximately 50 
percent on a large plantation in Brazil. 

In Africa and India, where African mosaic disease is endemic, 
yield reductions are estimated to be as high as 90 percent. but 
they certainly average much less. This disease is spread by 
whiteflies. but man is also a prominent vector when infected 
cuttings are used. There is some evidence that African mosaic 
disease could be eradicated from cassava growing areas by the 
use of clean planting material: however, with the exception of 
India and Zanzibar. no schemes exist for producing mosaic-free 
cuttings for farmers. 

In the Americas. where cassava was domesticated, natural 
predators and parasites of cassava pests have evolved and exist 


69 


Table 14 
Distribution uf major pests and diseases of cassava 
ee ne a a ee re ee te eR, 
Latin 
America Africa Asia 


Pests 


Thrips e ° 

Mites e . ° 

Hornworm e 

Fruitfly ° 

Shootfly e 

Whiteflies ° ° ° 

Stem borers . ° 

White grubs ° . . 

Cutworms e 

Gall midges . 

Lace bugs . 

Grasshoppers ° 

Mealybugs ° ° 

Scales e ° ° 

Leaf-cutter ants . ° 

Crickets e . 

Termites . ° e 
Diseases 

Cassava bacterial blight ° . . 

Superelongation disease ° 

Frogskin disease ° 

Phoma spp. e ? ? 

Cercospora spp. . ° ° 

Anthracnose ° ° 

Erwinia e 

African mosaic . (India only) 

Root rots . . * 

Pathogens of planting material . ° . 


Sources: A. Bellotti and A. van Schoonhoven, Cassava pests and their control (Cali, 
Colombia: CIAT, 1978), and J. C. Lozano and A. H. Booth, Diseases of cassava, 
PANS 20 (1974):30-54. 
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in a delicate balance with the pests. In addition, farmers have 
selected lings that are tolerant to many pests. and they often 
plant several different lines or clones together *o lower the risk 
of pest damage. The balance is well maintained in traditional 
farming systems in which pesticides are seldom used. Wita an 
indiscriminate use of pesticides. however. losses can be dra- 
matically increased. 

When new pests or diseases occur in Africa and Asia, they 
may do far greater damage than they do in their center of origin 
because natural predators and parasites often do not exist and 
because no farmers have selected tolerant lines. For example. 
in Africa. outbreaks of the green spidermite and mealybugs cause 
severe losses. These two pests apparently were introduced to 
Africa relatively recently. and with few natural enemies being 
present there. populations but: up rapidly. leading to heavy 
damage. In the Americas. both of these pests are problems, but 
not on the same seale as in Africa. 

The combined etfeet of different diseases and pests on the 
vield of cassava is not easily measured. However, diseases and 
pests certainly are a major reason yields are lower in farmers” 
fields than at experiment stations. Use of resistant varieties, clean 
planting material. and integrated pest management could sub- 
stantially reduce vield losses. 


Harvesting 

Unlike crops such as rice and wheat. cassava can be harvested 
more or less whenever it is needed. The harvest may begin as 
soon as 7 months after planting in warm areas. or it may be 
put off until [8 months after planting. or later. Long growth 
periods are common in areas that have cool winters and in 
highland areas where average temperatures are low. Sinee the 
roots’ starch content tends to be greatest when temperatures are 
low, cassava is commonly harvested during the cooler months. 
When the rains begin ufter a long dry season. the starch content 
drops sharply. and harvesting tapers off, 
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To prepare cassava for harvest, most farmers cut the tops, 
leaving a stump about 3.0 centimeters long, which is grasped 
and used to upreot the plant. If the soil is hard, farmers may 
lie a pole to the stump to use as a lever. Mechanical harvesters 
and other harvesting aids are in limited use. 


4 
Components of a new technology 


Cassava has been regarded as a rugged. hardy crop that is 
tolerant of disease and pest problems and is grown mostly by 
subsistence farmers. In the past. that reputation has kept countries 
from giving cassava serious attention, but Brazil and India are 
important exceptions. In Brazil, during the 1940s and 1950s, 
the Instituto Agronomico de Campinas mounted a sustained 
cassava research program. The improved agronomic practices 
and varieties that resulted account for the high average yields, 
19 t/ha. in the state of Sao Paulo. where the institute is located. 
In India. during the last 25 years. the Central Tuber Creps 
Research Institute has been developing agronomic practices that, 
along with the introduction of the variety M4 from Malaysia, 
have increased yields in the state of Kerala from 5 t/ha to more 
than 15 t/ha. Elsewhere. significant research on cassava was done 
by the Dutch in Indonesia before World War II. the French in 
Madagascar. and the British in Kenya. These early research 
efforts have formed the basis for the development of new, improved 
technology. 

In 1967. de Vries. Ferwerda. and Flach published their now- 
classic paper on the potential of different food crops in the 
tropics. They concluded that the root and tuber crops. particularly 
cassava. had an extraordinary potential for producing calories 
(see Table 15). At about the same time. a group of scientists. 
mainly from the West Indies. formed the International Tropical 
Root and Tuber Crop Society, which. through triennial symposia, 
has stimulated scientin. interest in these crops. 

In 1971, work on cassava began at two international agriculture 
research centers. At the International Institute of Tropical Agri- 
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Table 15 
Maximum recorded yield (in dry weight and food energy) of tropical food 
staples 











Maximum Food energy 

annual yield per day 
Crop (t/ha) (kcal/ha) 
Cassava 71 250 
Maize 20 200 
Sweet potato 65 180 
Rice 26 176 
Sorghum 13 114 
Wheat 12 110 
Banana 39 80 





Source: C. A. de Vries, J. D. Ferwerda, and M. Flach, Choice of food crops in 
relation to actual and potential production in the tropics, Neth. J. Agr. Sci. 18 
(1967):241-248. 


culture in Nigeria. the tropical root crops improvement program 
concentrates on cassava for African conditions. while at the 
Centro Internacional de Agricultura Tropical in Colombia. the 
cassava progiam develops production systems for the Americas 
and Asia. National cassava programs have been established in 
many developing countries during the past two decades. In 
addition, various agencies in developed countries have contributed 
to solving problems associated with cassava production and 
utilization. 4 new technology has emerged. not as the result of 
any breakthrough, but from assemblitig information obtained by 
many researchers over many years aiid combining it in production 
packages. The exact composition of each production package 
will differ from others. depending on local conditions, and hence. 
adaptive research will be required as the packages are introduced 
Into new areas. 

The new technology is evolving rapidly. The worldwide research 
effort is expanding as interest in the development of the crop 
rises on the part of national and international agencies. Certain 
components of the improved technology are now well proven: 
however others are still being tested. The latter is particularly 
true for new varieties because breeding. selection, and testing 
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require considerable time. Nevertheless, many components of 
the new technology are already available, and others are in 
advanced stages of development and show every indication that 
they will shortly have a favorable impact on meeting the goal 
of increased productivity. 


IMPROVED VARIETIES 


Most cassava varictics are the outcome of selection by gen- 
erations of farmers. so they are adapted to the ecological con- 
ditions of the locality in which they are grown. Particularly in 
Latin America, where cassava originated. there is an enormous 
array of varieties that thrive in the localities in which they were 
selected. But when these varieties are moved away from their 
home areas, they often fail completely. 

Only a few varieties vield well under diverse ecological con- 
ditions. An example is M Col 1684. a clone collected from 
Leticia in the Amazon jungle, which has shown extraordinary 
vield potential over a wide range of conditions in several countries 
(see Table 16). Although the variety performs poorly in cool 
chirnates and in areas where thrips are a problem, it has dem- 
onstrated the possibility of obtaining varieties that can yield well 
in several environments. 

The Centro Internacional de Agricultura Tropical (CIAT) and 
the International Institute of Tropical Agriculture (IITA) are 
making superior germ plasm and varieties available to national 
scientists for possible use in their breeding. selection, and testing 
programs. So far no “miracle” cassava variety has been found 
that would result in a dramatic increase in yield potential 
comparable to the one offered by modern short-statured wheat 
and rice varieties. However, cassava germ plasm with high yield 
potential. selected from) Latin American germ plasm. is now 
being incorporated into breeding programs in the Americas and 
Asia, This same germ plasm has been crossed with disease- 
resistant lines at IITA and distributed throughout Africa. 

It appears unlikely that any one variety will be found that 
will serve all cassava growing areas. Rather. varieties must be 
selected for the specific conditions under which they will be 


Table 16 
Yield of the clone M Col 1684 under a wide range of conditions 


a 





Site features Yield (t/ha) 
Length of Average M Col Best local 

Site Soil dry period temp. 1684 variety 
eee 
Caicedonia, 

Colombia fertile short 22°C 57.1 45.2 
Carimagua, 

Colombia acid infertile medium 26°C 36.1 10.1 
Media Luna, 

Colombia infertile long 27°C 40.7 8.8 
Santa Clara, 

Costa Rica moderately fertile short 22°C 35.0 19.7 
Pichilingue, 

Ecuador fertile short 25°C 42.4 18.0 
San Cristobal, 

Dominican Republic moderately fertile short 25°C 39.9 24.6 


See 


eee 
Source: CIAT, Annual report 1978 (Cali, Colombia. 1979). 


SL 


76 Components of a new technology 


cultivated. CIAT and IITA follow a similar decentralized selection 
process to obtain improved varieties. This breeding strategy 
invoives producing elite gene pools for each of the major soil/ 
climate zones in which cassava is grown. Germ plasm accessions 
and promising hybrids are planted in the major zones, and clones 
that show useful characters—such as disease and pest resistance, 
high starch content. and good yield potential—are then crossed 
at headquarters. The progeny of these crosses are returned for 
further selection to the original sites or distributed to national 
breeding programs that are breeding for similar conditions. In 
this manner, CIAT and IITA make large numbers of sexual 
seeds or smaller numbers of clones available to national programs 
so they can select varieties that are well adapted to specific local 
soil and climatic conditions. 

Cassava breeding 1. a slow process. It takes at least 10 years 
from the time a cross is made to the release of a fully tested 
variety. At present. there is a tremendous amount of promising 
material that has high yield potential as well as disease and pest 
resistance. that should be ready for release in the coming years. 


Yield potential 


Even after the roots start to fill, the cassava crop continues 
to produce leaves. which convert solar energy into chemical 
energy in the form of carbohydrates. Consequently, for maximum 
root growth, there must be a delicate bulance between the 
producticn of leaves and their supporting stems on the one hand 
and the growth of roots on the other. The plant must have 
enough leaf area to produce carbohydrates. but it should not 
produce so much leaf and stem that no carbohydrate remains 
available to fill the roots. This balance is shown schematically 
in Figure 4 (leaf area index is the ratio of the total area of the 
leaves to total ground area). Maximum root growth, it is worth 
noting. occurs at leaf area indices that are considerably lower 
than those required for maximum production of total dry matter, 
that is. biomass. 

This insight into the physiological basis of yield has allowed 
the formuiation of a plant ideotype for maximurn yield. The 
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Figure 4. Physiological explanation of the 
optimal leafiress for maximum yield. 


ideal plant type would rapidly reach a leaf area index of ap- 
proximately 3 and maintain that index throughout the rest of 
its growth cycle. The cassava plant requires large leaves in order 
to build up leaf area rapidly and a long individual leaf life ard 
late branching in order to maintain its leaf area index at 3 in 
the later growth states (see Table 17). 

The easiest parameter for the breeder to measure on individual 
plants that integrates most of these factors is the harvest index— 
root weight divided by total plant weight. The yield of an isolated 
plant is not correlated with its yield when it is grown as part 
of a plant community. The harvest index of a plant. however, 
has a loose but useful relationship to the plant’s yield in a 
community. Maximum yields are obtained by plant types that 
have harvest indexes ranging from 0.5 to 0.7. 

A computer model that describes the growth of such an ideal 
plant type under good conditions with moderate levels of solar 
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Table 17 
Characteristics of an ideal cassava variety for use under good growing 
conditions, planted at 10,000 plants/ha 





Branching: Late branching at 6 and 9 months after planting. No 
side or sucker branches. 

Leaf size: Large maximum leaf size (ca. 500 cm/leaf) 4 months 
after planting. 

Leaf longevity: Long leaf life—approximately 100 days. 

Harvest index: Harvest index greater than 0.5. 


Leaf area index: Between 2.5 and 3.5 for most of the growing cycle. 


Roots: Nine or more roots per plant when planted at 
10,000 plants/ha. 
Shoot number: Each plant should have two main shoots from the 


originai cutting. 





Source: J. H. Cock, O. Franklin, G. Sandoval, and P. Juri, The ideal cassava plant 
for maximum yield, Crop Science 19 (1979):271-279. 


radiation suggests that the potential annual yield of cassava is 
90 t/ha of fresh roots, or 30 t/ha of dry roots. On small plots 
at CIAT in Colombia, a dry root yield of 28 t/ha per year has 
been obtained from a hybrid line that has been bred to closely 
resemble the ideal plant type described above, and many hybrids 
yield more than 20 t/ha of dry roots per year. Thus, under good 
conditions, a yield potential of 30 t/ha of dry roots per year 
appears reasonable. 

The use of the harvest index has enabled breeders to identify 
very high yielding clones, but the first clones selected in this 
manner have not been planted by farmers to any great extent 
because of their low quality, which is usually related to low 
starch content or high cyanide levels. Nevertheless, these clones 
have demonsirated that selection for high yield can be achieved, 
and new clones without these deficiencies are now in the advanced 
testing stage. 

To develop varieties with high yield potential for varied 
conditions, the CIAT program chooses materials for crossing at 
sites that are representative of the major cassava growing areas. 
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Then, at the CIAT headquarters’ station, where flowering is 
profuse, crosses are made specifically to produce varieties for 
each of the major growing areas. and the materials are sent to 
the various sites for further selection. The selection sites are the 
north coast of Colombia. representative of the lowland tropics 
with a pronounced dry season: the eastern plains of Colombia, 
representative of the acid-infertile savannas: the tropical rain 
forest in lowland Colombia east of the Andes: the highland areas 
of Colombia: and Cuba. where there are marked seasonal changes 
in temperature and day length. In the selection process, fungicides, 
pesticides, and irrigation are not used. and lime and fertilizers 
are applied. at Jow levels. only in the acid-infertile savannas. 
Yields vary greatly from site to site: up to 50 t/ha in the more 
fertile areas of the north coast and up to 20 or 30 t/ha in the 
eastern plains where soils are infertile and disease and pest 
pressures are high. 


Disease and pest resistance 


Because cassava is a long-season crop that is grown as a source 
of cheap calories, it is not economical for the farmer to use 
heavy applications of fungicides and pesticides against diseases 
and pests. Hence breeders pay a great deal of attention to 
incorporating pest and disease resistance into new lines of cassava. 
The fact that a cassava crop is normally grown throughout the 
year, with no break in the eycle that would lower populations 
of disease pathogens and pests. has had evolutionary conse- 
quences. Cassava in the Americas, its center of origin. has evolved 
as a crop that has high levels of resistance to the pathogens and 
pests that are present in the environment in which it is grown. 
Furthermore. the type of resistance that has evolved is generally 
of the horizontal. or field. type rather than vertical. or single- 
gene, resistance, which frequently breaks down as new pathotypes 
occur. Horizontal resistance. while not conferring immunity. does 
not break down. Breeders of crops that rely on vertical resistance 
are continually forced to search for new resistance genes and to 
incorporate them when previously used resistance sources become 
ineffective. 
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Cassava bacterial blight. probably the crop’s most costly disease, 
is Widely distributed throughout the Americas, Asia, and Africa. 
Typical symptoms are gray, angular leaf spots that develop into 
large brown areas with a water-soaked appearance. When the 
infection is acute. the stems and petioles exude a gummy 
substance, and the shoots may die back. The disease is particularly 
severe when rainfall is high and there are large fluctuations in 
daily temperature. It is mainly spread by splashing water in the 
rainy season and the use of infected cuttings. Many sources of 
resistance to the disease have been found, and a major part of 
the breeding work at IITA and CIAT is the production of lines 
that are resistant to cassava bacterial blight. Both institutes have 
found that resistant lines maintain their resistance when moved 
to other areas. Furthermore, plants grown from true seeds 
produced by crosses between resistant parents have shown a high 
frequency of resistance. 

African mosaic disease causes heavy yield losses in Africa and 
India. Somewhat surprisingly, it 1s not found in the Americas 
where cassava originated. Characterized by a mosaic pattern on 
the leaves and leaf distortion. the disease 1s thought to be caused 
by one or more viruses and is disseminated by whiteflies, infected 
cuttings, and possibly by contaminated machetes used in pre- 
paring planting material. Crosses between cassava and tree 
cassava, Manihot glaziovii, that were made in Kenya many years 
ago produced the Amani lines, which have high levels of resistance. 
They are being widely used in breeding programs in Africa and 
India. ITA has used them and new crosses to produce a large 
number of lines that are resistant to both cassava bacterial blight 
and African mosiac disease. These lines have been distributed 
in the form of pure seed throughout Africa and India. and 
resistant clones that are suitable for various ecological conditions 
are being selected. 

Superelongation disease was first identified in the 1970s in 
the Americas, where it is now known to be widespread. It can 
cause severe losses in crops that are attacked early in the season. 
The symptoms are a marked elongation of the internodes and 
a malforrhation of the leaves. It is spread by infected cuttiags 
and spores that may travel long distances, but infection occurs 
only under humid conditions. Resistant varieties have been 
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identified at CIAT, and efforts are being made to combine 
resistance to cassava bacterial blight and superelongation disease, 
as these are the two most serious diseases in the Americas. 

The most destructive insect pests 0% cassava are spidermites 
and mealybugs. Spidermites attack mainly in the dry season, 
and the symptoms vary depending on the species of mite involved. 
The green spidermite (.Wononychellus tanajoa) was introduced 
to East Africa in the 1960s from the Western Hemisphere. In 
the absence of any natural enemies, and with large areas planted 
to susceptible varieties, the insect has spread rapidly and is now 
causing extensive damage from Tanzania in East Africa to the 
Guinea coast in West Africa. In East Africa and South America, 
differences in varietal resistance have already been encountered, 
but it will take time for breeders to incorporate resistance into 
high yielding lines. 

Mealybugs do severe damage in Africa and northeastern Brazil, 
where they have few natural enemies and most local clones are 
highly susceptible to the pest. The predominant species are 
different. Phenacoccus manihoti. which is found in southern 
South America, was introduced to Africa relatively recently. P. 
herreni is native to the Americas, but it appears to have been 
introduced into northeastern Brazil in recent years. Although 
few resistant lines have been identified so far. levels of resistance 
probably can be raised by breeding programs. 

Thrips are a widespread pest in the Americas. They lower 
yields by distorting and reducing the size of new leaves. stunting 
the new growth of the plant. and damaging the apical meristem, 
which may be killed in severe attacks. Like the spidermite. thrips 
are common during dry periods. Many resistant clones have 
been found. and asa result. most breeding programs are producing 
resistant lines for areas in which thrips are a problem. 

Many other diseases and pests attack cassava. but they are 
of lesser importance or are significant only in certain localities. 
Phoma leaf spot. for example. is the most serious disease of 
cassava in highland equatorial areas. High levels of resistance 
exist, and special lines are being selected for this rather limited 
Cassava growing area. 

Numerous diseases and pests attack cassava. but its long 
growth cycle still allows it to tolerate sporadic destruction of its 
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Figure 5. Simulated yields of a near-ideal 
and a traditional vigorous cassava variety 
as related to leaf life (pest or disease 
attack shortens leaf life). 


leaves—one complete defoliation lowers yields by about 20 
percent. However, pests cr diseases that are permanently present 
may depress vields severely. By using a growth-simulation model. 
the traditional leafy cassava type has been compared with the 
near-ideal plant type in terms of the effect of a continued attack 
of a disease. such as Cercospora leaf spots. that shortens leaf 
life (see Figure 5), For the traditional leafy type, with its low 
vield potential. reduced leaf life has little impact on yield. The 
near-ideal plant type is much more sensitive to reduced leaf life 
{and hence disease). though its yield potential is greater at all 
levels of disease damage. This fact suggests that although cassava 
is generally hardy. disease and pest control are of greater im- 
portance for vield stability in the new varieties that have high 
vield potential than it is in the traditional types. 
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Root quality 


The criteria for root quality vary considerably from region 
to region. In Latin America, consumers in some areas prefer 
cassava roots with a white skin, wnile others, often within the 
same country. prefer roots that have a brown skin with a pink 
undersurface. Such color preferences usually have arisen because 
they are characteristic of a particular local clone that has good 
eating quality. [tis probable that the introduction of new high- 
quality lines with a different skin color will be accepted. In one 
area in which the preferred local variety had a rose-colored 
underskin, a local experiment station began a series of trials 
with a white-skinned type of good eating quality. Theft from 
the station became a severe problem. and the white-skinned 
cassava began to be available in the local markets. At first, it 
sold at a discount, but as the quality of the white-skinned cassava 
became recognized. it sold at a premium. 

Good root quality tends to be associated with low hydrogen 
evanide content, a high starch content. and long shelf life. It is 
widely believed that bitter cassava—cassava with high levels of 
evanide—yields more than the sweet types. Although this may 
vnee have been true. in the new lines being produced there is 
no evidence that the sweet types have a lower yield potential. 
Although no cassava types without cyanide have been found. 
clones that contain very low cyanide levels are now being 
developed through selection. 

Lines with a high starch content and other desirable characters 
such as disease resistance and high yield potential are now in 
the advanced testing stage in many countries. Unfortunately. 
high starch varieties tend to have poor storage properties. It is 
unwise for cassava programs to concentrate on breeding for 
starch (or dry matter) content while paving insufficient attention 
to solving storage problems. 

At various times. breeders have attempted to produce high- 
protein cassava varieties. and expectations have been raised by 
reports of success. Results of experiments with high-protein lines 
must be interpreted carefully. The protein content of cassava 
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roots is often high before root filling occurs, hence varieties that 
are harvested early or that are inherently low yielding tend to 
have high protein levels. There is good reason to believe that 
selecting for high protein content must eventually lead to a lower 
yield potential because the synthesis of protein requires almost 
twice as much of the primary products of photosynthesis as the 
synthesis of a similar weight of starch. 


Varictal release 

Small cassava farmers in traditional cassava growing areas 
often plant two or more cassava varieties in the same field, and 
they constantly try new materials. In the Amazon region of 
Colombia. farmers observe the performance of plants that grow 
from true seed. and they select the ones that have desirable 
characters and multiply them. These farmers are, in effect, running 
their own breeding programs: however the recombinations are 
from uncontrolled crosses, and the numbers involved are very 
small, which limits the farmers’ chances of obtaining superior 
new lines. Breeding programs can bring together a much larger 
gene pool and can make crosses that are directed toward com- 
bining several different desirable characters in one line. By testing 
large numbers. the probability of a successful development of 
improved varieties is greatly increased. iz 

Once a breeding program has identified particular lines as 
promising. they are tested to see if they maintain yield and 
quality characteristics from generation to generation and also 
to see if they are adaptive to different growing conditions. In 
most crops. these ends are achieved by establishing a large 
number of replicated yield trials, but in traditional cassava growing 
areas, pronusing materials may be distributed to farmers even 
before they have been tested sufficiently for formal release. The 
farmers will grow and test them and select the best ones for 
multiplication. The information gained from the farmers will 
help the breeders decide which varieties to release. and the risks 
to the farmer are minimai. 

In crops that have a rapid propagation rate. it is dangerous 
to give farmers. or seed companies. materials that have not been 
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tested, because the crop may become widely grown before a 
serious weak ness becomes apparent. possibly leading to a disaster 
for the farmers. With cassava, however, the propagation rate is 
so slow (unless special techniques are adopted) that before a 
variety is widely adopted, any severe shortcomings will be 
recognized and farmers will be cautious about expanding their 
plantings of the variety. This system also has the advantage that 
the farmers will multiply materials so that by the time the variety 
is officially released. sourees of cuttings will be available. In 
short. in traditional cassava growing areas. the risks of a new 
variety beconting widely grown and then failing are minimal, 
Ifa variety is seriously Nawed. farmers will reject it long before 
Its fatlure causes widespread problems. 

The situation is quite different. however, when cassava is 
introduced Mto a new area for large-seate production. When any 
new crop is introduced. or the area planted is rapidly increased, 
the crop tends to be relatively free of disease and pest problems 
for a few vears. But with time and as the area planted expands, 
problems begin to appear, In high-value crops. chemicals may 
be utilized to control discases and insects, but with a low-value 
crop such as cassava this course of action is impractical. ‘Thus 
care must be taken to obtain cassava varieties that are tolerant 
to the pests and diseases that are likely to occur as the crop 
area increases. This aim can best: be achieved by carefully 
monitoring pest and disease incidence in new varieties: by 
selecting varicuies that are known io be tolerant of the disease 
and pest complex in areas with similar climate and soils: and 
by recommending several varieties. dillering ino genetic: back- 
ground, rather than just one. so that if one line fails. others will 
be available. In addition. rapid propagation facilities should) be 
established so that as problems emerge. new tolerant lines can 
be rapidly multiplied to replace the susceptible cnes. 


Rapid propagation 


In the held. cassava normally can be multiplied 3- to 30-fold 
per year. depending on the variety and the growing conditions. 


86 Components of a new technology 





In the tigh humidity of propagation frames. cuttings rapidly produce multiple 
shoots. (Source: CIAT) 


arate of multipheation that is much slower than that of most 
Major crops. parucularly ones that are reproduced sesually, In 
recent years, however. (wo simple techniques for rapid propagation 
gave been developed. They allow more than | million stakes or 
cuttings to be produced from one original cutting in less than 
2 vears. These techniques are highly labor intensive. so the chief 
limit to the rapid propagation of cassava is now economic rather 
than biological. 

The stmplest method ts based on the facts thet very young 
cassava Shoots can be rooted in: water and that axillary buds 
Will sprout once apical dominance is broken. Two-node cuttings 
of mature cassava plants are planted ino special propagating 
frames that maintain high temperature and humidity. Phe cuttings 
sprout, and when the shoots are about 10 centimeters long. they 
are cut off near the base—leaving the lowest axillary buds still 
attached to the original cutue—and rooted in water. Onee the 
cuttings have produced roots. thes can be transplanted direetls 
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Figure 6. Three propagation methods: traditional, two-noce cuttings, and leaf 
propagation. 


to the field. The axillary buds on the original cutting sprout 
again. and the process can be repeated several times. On average. 
each two-node cutting can be expected to produce & to 12 shoots 
-wt rooting, The process is shown schematically in Figure 6, 

The second propagation method requires more care and has 
not been very successful in areas that have a cool winter period, 
though in other areas. it has proved reliable and rapid. It involves 
excising propagules from 3-month-cld cassava plants grown in 
the held. A propagule is a leaf and its petiole plus the bud at 
the base of the petiole and a small heel of stem tissue. The leaf 
lamina are cut in half (see Figure 7) to redues transpiration. 
and the propagule is placed in a misted chamber, After about 
2 weeks. the propagule sprowis and produces roots. It ean then 
be transferred to a peat pot. and after 2 or 3 weeks. it can be 
transplanted in the held. Three months later, the whole process 
can be repeated. 
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Figure 7. A propaguie. which is 
central to the leaf propagation 
systein. 


FERTILIZER REQUIREMENTS AND 
SOIL AMENDMENTS 

On fJow-fertility soils with littke or no fertilizer—conditions 
under which few crops will grow— cassava is capable of producing 
modest vields. Cassava does. however. respond to fertilizer ap- 
plications. and in many areas. vields can be sharply inereased 
by fertilization. 

It is important to determine the fertilizer requirements of 
cassava experimentally in different soils. Most crops show well- 
defined symptoms of deficiencies of major nutrients (nitrogen- 
deficient cereal crops. for example. have vellow leaves). but cassava 
displays svmptoms only in extreme cases. Usually the cassava 
plant adjusts its top growth in relation to the availability of 
major nutrients. In this way. the plant maintains a high nutrient 
status in the leaves. which appear normal and healthy. Thus it 
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is difficult. to visually assess the nutrient status of a cassava 
crop—a healtiy-looking crop may have a severely limited yield 
potential because of a lack of nutrients. 

For maximum root yield. the appropriate fertilizer level is 
well below the level required for maximum plant growth. Heavy 
applications ef fertilizer, particularly nitrogen, can stimulate top 
growi to such an extent that although total plant weight increases, 
the yield of roots may decrease. There is no evidence to suggest 
that the tendency for cassava yields tc decrease if high levels of 
fertilizer are applied will disappear with the development of high 
yielding, lodging-resistant varieties, unlike the experience with 
modern wheat gnd rice varieties. Consequently, for maximum 
root vield as opposed to total plant weight. cassava has relatively 
low nutrient requirements. 


plexing. Generally, as population density increases. pressure on 
land becomes greater and fallow periods are shertened. which 
results in a decline in soil fertility. Nevertheless. when cassava 
is planted after a fallow period. it frequently produces high yields 
and does not give an economie response to the application cf 
fertilizer, However, as successive crops are grown without fertilizer, 
vields decline. and after several cycles. yields cannot be raised 
to the immediate post-fallow levels by app!ying fertilizer, On 
the other hand. if small annual applications are made. yields 
ean be maintained at close to the immediate post-fallow level. 
The problem for exicusion agents is that they should recommend 
fertilizer applications in the first year after fallow, even though 
there ig no economic response. in order to maintain yields over 
several years. 


Nitrogen 


Since rising agricultural productivity throughout the world has 
been closely associated with an increased use of nitrogen fertilizer. 
it is perhaps surprising to find that cassava requires relatively 
little nitrogen to achieve high yields. Other than in peaty soils, 
cassava rarely responds to more than 100 kg/ha of nitrogen. 
and vields often decline markedly as nitrogen levels are increased. 
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Phosphorus 


In the vast areas of acid-infertile soils, which have a tremendous 
potential for cassa¥a production, phosphorus deficiency is a major 
limitation. On these soils, cassava has a yield response to ap- 
plications of as much as 400 kg/ha of phosphorus. and levels 
of 100 to 150 kg/ha are frequently recommended. 

Such heavy fertilization can be done cheaply with rock phos- 
phates, according to studies by the International Fertilizer De- 
velopment Center in cooperation with CIAT. Ordinarily, the 
phosphorus in rock phosphate is not in a form that is readily 
available to plants, but in acid soils, in which cassava grows 
satisfactorily. its availability increases. Treating 1:0ck phosphate 
with un acid solutic « (partial aciduiation) before applicacion to 
increase the availability of phosphorus results in cassava yield 
responses that are comparable to those obtainable from the 
application of triple superphosphate. but at a fraction of the 
cost. Since initial applications of rock phosphate have a long- 
term residual effect. the amount of later applications can be 
reduced, 

Experiments conducted in nutrient solution show that cassava 
has a higher phosphorus requirement than nvost crops, but in 
the field. this high requirement is often not evident because 
cassava roots normally harbor mycorrhizae. which increase phos- 
pnorus absorption. On degraded soils. in which native mycerrhizal 
populations may be very low or in which the Strains present 
may be ineffective. yields may be depressed. Some preliminary 
tests suggest that inoculation of planting material with effective 
strains can increase vields: however practical field methods of 
producing the inoculant have vet to be developed. 


Potassium 


Cassava extracts more potassium from the soil than any other 
element—a good crop extracts 100 kg/ha or more. To maintain 
yields when cassava is grown continuously, potassium fertilization 
Is essential. Potassium fertilization also affects quality. If potas- 
sium is deficient. the dry matter and starcn content of the roots 
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falls, and the cyanide content rises. The application of potassium 
is particularly important on sandy soils and acid-infertile soils. 


Other elements 
Little attention has been paid to sulfur fertilization of cassava, 
but because the crop 1s generally grown on poor soils far from 
industrial centers that release sulfur into the air (which is returned 
to the soil in the form of acid rain), sulfur deficiency can be 
expected. A marked response to sulfur has been obtained in the 
eastern plains of Colombia. Sulfur can be apphed by using 
potassiun? or calcium? sources in the form: of sulfates. 
Calcium is normally applied to cassava in the form of lime 
as an amendment to raise soil pli. The plant’s response to lime 
may often be more the result of a correction of calcium deticiency 
than from raising soi pH. because cassava is extremely tolerant 
of low soil solution pli. Cassava rarely responds to the application 
of more than 2 t/ha CaO. even on strongly acid-intertile soils. 
Most of the vield responses occur from) applications ranging 
from 0.5 to 1 t/ha. There is some evidence. however. that higher 
lime application levels may be necessary to achieve maximum 
vields when heavy applications of nitrogen, phosphorus, or po- 
tassium are made. [ts preferable to apply dolomiutic limestone 
because magnesium deficiency is also common in acid soils. 
Zine deficieney. frequently occurs in cassava fields and is 
aggravated by heavy lime app. avons. Unlike deticiencies of 
major nutrients, Which usually Go not produce clear symptoms 
moeassava, those of the min ‘ements. particularly zinc. are 
distinctive. Leaves of zine-deficrent plants show yellow or white 
mottling. often in a chevron pattern. The deficteney can easily 
be corrected by dipping planting maternal ina dilute solution 
of zine sulfate. or through foliar applications of zine sulfate. 
Cassava as a crop tolerates the high levels of aluminum and 
low pli that are characteristig of many tropical soils. [If the 
aluminum level is such that the cauun-eschange capacity is less 
than SO percent saturated. no adverse effeets occur. When alu- 
minum levels are vreater, ime can be applied to reduce the 
aluminum saturation to an acceptable devel. which results in 
large vield inereases. 
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in summary, cassava is rather tolerant of low fertility, soil 
acidity, and high levels of aluminum. It does. however, respond 
well to fertilizer application and has a particularly high require- 
ment for phosphorus and a rather low nitrogen requirement. 
Potassium fertilization is necessary to maintain soil fertility and 
is important for obtaining good yields of high quality cassava. 
When cassava is grown continuously. annual applications of the 
major nutrients are essential to maintain soil fertility and yields. 
On acid soils. positive responses to lime can be obtained, but 
care must be taken not to overlime. which could induce minor- 


element problem. can easily be remedied by treating the stakes 
before planting. 


WEED CONTROL 
Since newly planted cassava grows slowly, it is vulnerable to 
weed competition. For high cassava vields. weeds must be con- 
trolled for the first 3 to 4 months after planting. depending upon 
growing conditions, until the crop completely covers the ground. 
Without weed control, it is impessible to obtain good yields of 
cassava, 


Hand weeding 

Cassava needs two to six hand weedings depending on the 
severity of weed competition and the time it takes the crop to 
cover the ground. Hand weeding is effective and can be used 
When labor is both plentifiil and cheap. If weeding is delaved 
because labor is scaree. yield can be great!y reduced, 


IEerbicides 

There are many commercial chemicals that can adequately 
control weeds in cassava fields for the first 2 months after 
planting. Diuron works well against annual weeds and alachlor 
against grasses. A mixture of the two applied before cassava 
emerges is particularly effective. Beyond 2 months after planting. 
this mixture has to be supplemented with hand weeding er a 
directed application of a contact herbicide. 
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Figure 8. In the absence of weed control, high planting pop.uvation helps 
cassava compete with weeds. (Source: CIAT Annual report 1979) 


A new preemergence mixture, oxifluorfen mixed with alachlor, 
may climinate the need for any hand weeding. This mixture 
also has some value against purple nutsedge (Cyperus rotundus), 
one of the most difficult weeds to control. 


Cultural control 

Vigorous cassava varieties. which rapidly cover the ground. 
tend to suppress weeds and require less weed control. Unfor- 
tunately, vigorous varieties usually are too leafy and have a low 
yield potential. so even though they may yield well with poor 
weed control. their yields will not equal those of less vigorous 
types under good raanagement. By planting less vigorous varieties 
densely, rapid ground cover can be achieved. thus improving the 
crop’s ability to compete with weeds (see Figure 8). 
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The timing of planting can influence the amount of weed 
control that is needed. If cassava is planted at the beginning of 
the rainy season when weeds flourish, the farmer has to struggle 
to weed the cassava as well as the other crops he has planted. 
If cassava is planted somewhat before the beginning of a short 
dry season. when farm labor demands are lighter, the crop can 
be weeded once or twice, or sprayed with a preemergence herbicide 
mixture. until the dry season begins. At the onset of the dry 
season, Weeds cease to be a serious problem. When rainy weather 
resumes, the cassava will rapidly cover the ground before weeds 
can germeaate and compete. 

Another way to control weeds during cassava’s early growth 
is to interplant short-statured grain legumes (see the section 
“Mixed cropping” later in this chapter). Beeause the cassava 
crop does not intercept much light during its early growth, the 
grain legume is not shaded excessively so the grain legume grows 
rapidly and smothers weeds that would compete with the cassava, 
The legume crop can be harvested about the time the cassava 
crop is starting to cover the ground. Thus good yields of both 
grain legumes and cassava can be obtained with minimal weed 
control (see Figure 9). 


Integrated weed control 

A farmer is likely to use a combination of weed contro! 
methods rather than just one. Intereropping holds back weeds. 
but some active control usually is still necessary for optimum 
yields. Hand weeding is often the least expensive system. but 
When weeds are growing vigorously, there may be labor shortages 
and consequentiv, the farmer may turn to herbicides because 
tumeliness is essential for good weed control. 


INTEGRATED PEST AIANAGEMENTE 
As a result of being continually exposed to pathogens and 
pests during its long growth period. not only has cassava evolveu 
a generally high level of resistance to local diseases and insects. 
but a large number of predators. parasites. and pathogens of 
cassava pests have evolved as well, The cassava plant. its diseases 
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Figure 9. Intercropping with grain tequmes 
reduces the amount of weed control 
needed for good cass~-a yields. (Source: 
CIAT Annual report 197-3) 


and pests. and the factors that control those diseases and pests 
maintain a delicate, but dynamic. ecological balance. The aim 
of integrated pest management systems is to favor cassava without 
destroving this balance. 

An integrated pest management system employs manifold 
contro! measures that are compatible with one another to reduce 
diseases and pests to a level at which damage to the crop is 
slight. This reduction does not necessarily entail completely 
eliminating a disease or pest but, rather, holding damage to the 
crop to an accetable level. Cassava researchers have emphasized 
the use of stable host-plant resistance. biological control. cultural 
and phytosanitary practices. and. as a last resort. a limited use 
of chemicals. The major diseases and pests of cassava are listed 
in Table 18. along with suggested control methods. 


Table 18 


Major diseases and pests of cassava and control measures 


a 


Disease or pcst 


Losses 


Distribution 


Control methods 


a ee 


Cassava bacterial blight 


African mosaic disease 
Superelongation 


Frogskin disease 


Phoma 

Cercospora leaf spots 
Pathogens of planting piece 
Anthracnose 


Preharvest root rots 


to 100% 


to 90% 
to 100% 


to 140% 


to 100% 
to 30% 
to 100% 


Not known, 
may be high 


to 100% 


Widespread 


Widespread, Africa, india 
Limited, Americas 


Very limited, Americas 


Cool humid areas 
Very widespread 
Very widespread 


Limited, Americas and Africa 


Mainly poorly drained areas 


Ciean seed, agronomic practices, 
resistant varieties 


Clean seed, roguing, resistant varieties 
Stake treatment, varietal resistance? 


Disinfection of tools,? clean planting 
material? 


Varietal resistance? 
Varietal resistance 
Stake treatment 


Varietal resistance? 


Crop rotation, ridging 


96 


Green spidermites 


Hornworm 


Thrips 


Scales 


Mealybugs 
Shoottlies 


Whiteflies 





Sources: A. Bellotti and A. van Schoonhoven. Cassava pests and their control (Cali, Colombia: CIAT, 1978), and J. C. Lozano and 


to 50% 


20% per 
attack 


to 30% 


Reduces 
germination, 
up to 20% 
from tater 
attacks 


Probably high 
Very low 


to 80% 


Widespread, in dry season 


Widespread in Americas 
only 


Widespread 
Widespread 


Limited 


Widespread in Americas 


Americas 


R.H. Booth, Diseases of cassava, PANS 20 (1974):30-54. 


*Methcds being developed or most likely to be developed. 


Biological control,? varietal resistance? 


Biological control 


Varietal resistance 


Biological control,? treatment of 
planting material? 


Biological control,? varietal resistance? 


Only necessary in early growth 
stages, varietal resistance? 


Varietal resistance? 


£6 
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Varietal resistance 


In developing varietal resistance, breeders are concentrating 
on horizontal, or field, resistance, which does not confer immunity 
on the plants but does limit the multiplication of the pests or 
pathogens as well as the damage they cause. Losses can further 
be reduced in many cases by combining varietal resistarice with 
preventive measures such as the use of “clean” planting rnaterial. 

For small farmers with limited resources, varietal resistance 
is a particularly suitable control method. The major expenses 
can be borne by the research and development agencies that 
produce the new varictics. The only cost to farmers is the 
purchase of a small quantity of foundation “seed,” which they 
can use to produce new planting stock and, simultaneously, roots 
for sale or consumption. Furthermore, apart from the initial 
multiplication and distribution of new varieties, the introduction 
of resistant varieties places little burden on agricultural service 
agencies. There is no need, for example, to launch training 
programs or to develop new credit facilities. Although research 
and development programs on new varieties may appear costly, 
the returns on investment can be extremely high. 

Varictal resistance is not a panacea, however, as not all diseases 
and pests can be controlled in this way. Furthermore, because 
the rate of progress in a breeding program is generally inversely 
proportional to the number of breeding objectives, a program 
that attempts to solve all disease and pest problems by breeding 
mas move so slowly that it reaches no wortinvhile goal withir 
a reasonable amount of time. Hence, in practice. breeding for 
varietal resistance is restricted to the most serious disease and 
pest problems encountered. 


Biological control 


Biological control is being used against three important cassava 
insects, the cassava hornworm, green spidermites, and mealybugs. 
The cassava hornworm (Erinnyis ello) is a caterpillar that develops 
into a migratory moth. No source of varietal resistance to this 
voracious pest has been found. Normally, populations of horn- 
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Farmers in Colombia maintain a pcpuiation of Polistes wasps, predator of 
cassava horewerm. by placing the wasps nest in palm-thatched huts near 
cassava plant ngs (Scurte. CIAT) 


worms are held oi low levels by predators and parasites, but 
occasionally, attacks of hornwornis detoliate whole cassava grow- 
Ing areas. with each defoliation causing vield losses of around 
20) pereent. When a severe hornworm outbreak oceurs. the 
farmer's first reaction often is to apply a potent. broad-spectrum 
insecticide. which ‘ills not only the hornworm but all of its 
natural enemies as well. Subsequently. in the absence of predators 
and parasites. hornworm populations expand quickly. and another 
atlavk occurs, necessitating further insecticide applications. Apart 
from the pernicious environmental effects of repeated heavy 
applications of insecticides. this method of control is expensive 
for the farmers and destroys many beneticial insects that control 
other cassava pests. 

Research at CIAT has shown that khornworms can be controlled 
by introducing wo wasps. Polisves spp. and [richogrummia spp.. 
Into cassava fields and spraying a bacteria in extreme cases. 
Farmers in the Caicedonia region of Colombia are using this 
biological control system because of a program organized by the 
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National Coffee Federation. This form of control has reduced 
hornworm outbreaks and decreased the severity of damage a. 
low cost. Under the program. cassava growers maintain a pop- 
ulation of Polistes wasps, which attack hornworm larvae, by 
placing the wasps’ nests in the cassava fields in small structures 
covered with palm fronds. This control measure is enhanced by 
the use of battery-operated light traps that attract hornworm 
moths. If the light traps indicate that the adult moth populations 
are high and if a large number of hornworm eggs are observed 
on the leaves of the cassava plants. farmers buy Trichogramma 
wasps. which are commercially available. and release them to 
parasitize the eggs. 

Occasionally. despite these measures, massive migrations of 
the adult moth occur, and larval populations build up. Then 
farmers apply Bacillus thuringiensis to hold the damage to low 
levels. This bacteria infects the hornworm without affecting the 
natural enemies of cassava pests. A disadvantage of this treatment 
is that even though the hornworms cease feeding within hours 
after B. thuringiensis is applied. they take several days to die. 
Farmers like to see dead hornworms. and it is diffeult to convince 
them that sick hornworms do little or no damage. Hence the 
effectiveness of this control measure requires the support of a 
strong extension program. 

Although sources of resistance to green spidermites are being 
incorporated into breeding programs, the levels of resistance are 
not high. Particularly in Africa. great emphasis is placed on 
supplementing resistance with biological control methods. IITA 
is coordinating a massive effort to rear and release natural 
enemies of the green spidermite throughout cassava growing 
areas in Africa. Phytoseiidae. a predator of mites, shows particula: 
promise. Since it appears te be effective even when spidermiue 
populations are low. it could prevent explosive outbreaks. This 
project may greatly reduce the damage these insects cause. 

The cassava mealybug Phenacoccus manihoti was only recently 
discovered in its center of origin in southern South America. 
IITA and CIAT are collaborating on the collection and evalvation 
of natural enemies of the cassava mealybug for eventual mass 
rearing and release in Africa. 
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Misgivings abovt the introduction of natural enemies of both 
the green spidermite and the cassava mealybug from the Americas 
to Africa are sometimes expressed on the supposition that these 
insects may themselves become pests in Africa. But experience 
with using biological control agents with other crops indicates 
that this problem will not arse. On the other hand, when the 
natural enemies are introduced inte Africa, they should be 
completely free of their own natural enemies, particularly par- 
asites, that could cripple their effectiveness. 

Naturally. occurring populations of predators and parasites 
keep populations of other potentially serious cassava pests at 
Jow ievels. In the Americas. scales and mealybugs are seldom 
damaging because they have numerous natural enemies. Hence 
growers should avoid applying pesticides indiscriminately, as this 
action could suppress the beneficial insects. 


Clean planting material 

The two most important cassava diseases, African mosaic 
disease and cassava bacterial bight. are disseminated by infected 
cuttings. By planting disease-free cuttings. farmers can delay the 
onset cf severe infection until late in the growing season. In 
some instances. the use of clean planting material may even 
eliminate a disease. 

In Kenya and India. mosaic-free planting material has been 
obtained through the selection of symptomiess plants from in- 
fected helds followed by careful roguing. Both of these countries 
havc found that disease-free plantations only slowly become 
reinfected. In India. the Central Tuber Crops Research Institute 
is multiplving mosaic-free seed stocks for release to farmers: a 
similar program might be successful in Kenya. It is still unclear 
whether the experience in India and Kenya can be repeated 
elsewhere: however, in areas with a low incidence of whiteflies 
(thie vector of the disease). the use of mosuic-free planting stocks 
could probably greatly reduce the incidence of the disease or 
even eliminate ii from) plantations. 

It is rather simple to produce material that 1s free of cassava 
bacterial blight. Cuttings with no obvious symptoms of the 
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disease are ailowed to form shoots, which are cut off when they 
reach about & centimeters in length and are rooted in small 
flasks filled with water. Any plantlets that are infeeted develop 
disease symptoms rapidly and can be destroved. When the 
symptom-tree plantlets have produced roots. they are transplanted 
into an isolated field where they form the basis for disease-free 
stock. This technique has been used in Colombia. Brazil. Cuba. 
and Malaysia to produce blight-free planting material. The 
Instituto Colombiano Agropecuario uses disease-free foundation 
stocks to multiply blight-free material for sale to farmers. In 
Costa Rica and the Cuteedonia area of Colombia, where farmers 
have planted only blight-free material in recent vears. the disease 
has been eradicated. Attempts to eliminate cassava baeterial 
blight in areas where environmental conditions are extremely 
favorable to the disease have been less successful. Even in taose 
areas, however. use of clean “seed” will delay infection enough 
to moderate yield losses considerably tsee Figure 10), 

Superelongation, another disease that is disseminated by in- 
fected cuttings. can be eliminated from cuttings by treating them 
with fungicie es before planung. because the pathogen is present 
only in the superficial layers of the planting material. 


Cultural and phytosanitary practices 

If cassava is planted continuously or in a very short rotation 
In nigh-raintall areas, wet root rots caused by organisms such 
as Phytophera spp. may cause severe losses, The only remedy 
is to leave the soil fallow or to rotate it: with other crops. 
preferably cereals. that do not act as an alternative host for the 
pathogen. Improving soil drainage retards the buildup of the 
disease. but the expense is rarely justified for cassava production. 
Planting on ridges. however. can improve drainage sutliciently 
lo prevent heavy damage from wet root rots. Ridging is advan- 
lageous In areas in which the annual rainfall exceeds 1500 
millimeters. In West Africa. farmers plant on mounds. which 
similarly improves drainage and reduces root rots. 

Cassava ts susceptible to attacks by certain pathogens of forest 
seecies. In| Malaysia. white-thread disease (caused by Phomes 
Htenosus) often attacks cassava that is planted after Jungle or 
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Figure 10. By delaying the onset of cas- 
sava bacterial blight infection, use of clean 
“seed” can increase yields. (Source: CIAT 
Annual report 1976) 


rubber trees have been cleared. In areas in which this disease 
is severe. it is prudent to plant another crop before introducing 
cassava, 

Rainfall pattern influences the incidence of diseases and pests. 
When rainfall is heavy. diseases such as cassava bacterial blight. 
superelongation, anthracnose, and Cercospora leaf spots increase. 
In the dry season. pests such as thrips, mealybugs. and spider- 
mites predominate. In certain areas in which cassava bacterial 
blight is severe and local varieties are only moderately resistant. 
the disease can greatly depress yields wher. the crop Is planted 
at the beginning of the rainy season. If. however. the crop 1S 
planted toward the end of the wet season, the onset of dry 
weather retards the buildup of bacteria. Thus. in some areas. 
cassava bacterial blight can be partially controlled by shifting 
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In high-rainfall areas, planting cuttings vertically on high ridges combats root 
rots. (Source: CIAT) 


the planting period. For example. in trials in the eastern plains 
of Colombia. yields have been almost doubled by planting at 
the end of the wet season rather than. as is usual. at the beginning 
of the rainy season. At present. cassava is a subsistence crop in 
the region. and the small. isolated plots farmers plant at the 
start of the rainy season are less severely affected by diseases 
than large cunmmercial fields would be. But if the cassava area 
is to be expanded with moderately resistant varieties. the planting 
date should be changed to achieve better disease control. 
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CULTURAL PRACTICES 


Agronomic practices have been developed by farmers over 
thousands of years, and the production systems they use are 
influenced by the ¢ynditions under which the crop is produced. 
Nevertheless, there are a large number of methods to improve 
cassava production that are applicable to a broad range of 
production conditions. 


Planting material 


Goud quality planting material is crucial for high yields, yet 
mosi farmers use poor planting material because the typical crop 
from which they take cuttings is diseased, is damaged by insects. 
or has been inadequately fertilized. Furtiiermore, if planting does 
not immediately follow the harvest. the «egetative planting pieces 
must be stored, during which time their capacity to germinate 
declines. as does their ability to support vigorous early growth. 
A substantial buildup of insect pests such as scales on stored 
planting material may occur as well. 

The cuttings selected for planting should have at least half 
their t..tal diameter cccupied by pith and be at least three nodes 
iong. Farmers should discard cuttings that show signs of me- 
chanical or insect damage on the surface or that have a discolored 
central pith. In one trial in Colombia. plants grown from cuttings 
that had b-en damaged by a fruit fly and a bacterial pathogen 
yielded a third less than plants grown from cuttings that had 
no visible damage. In areas in which soil fertility is low and 
disease and pest pressures are high. ii is advisable to reserve a 
small portion of a cassava field for planting inaterial and to give 
this area extra fertilizer and added protection from diseases and 
pests. 

Cuttings should be dipped in fungicide and insecticide before 
planting. Several suitable dips for cuttings are shown in Table 
19. After being soaked in the solution for 3 minutes. the stakes 
should be allowed to dry before being stored or used for planting. 
This inexpensive treatment protects planting pieces from attack 
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Geod quabty culttnas for planting Source ClATy 
y : i G 


by sou-borne tathovens and bs surface pests such as mites and 
mealybuys. thus ereads amproviny the vermiination percentage, 
Phe vield increases will more than cover the cost, 

When cuttings are stored (sometimes far as fone as 5 months). 
thes sprout. which lowers ther carbohs drate and nutrient reserves, 
Phe cuttings mas also become dehydrated and infested with 
Sarteus pathogens. Tf selecuion is rigorous, a considerable quantity 
af cuttings will be lost before planting. \ simple renmicds iste 
immerse the long cassava stems ina funwicide-insecuieide mi\ture 
both before storie and again just before planting. On farmers’ 
helds ina poor area ot Colombia. a combination of stake 
treatment and sclecuion was a mayer factor in inercasine svields 
of the local unimproved: variety by 70 percent. 


“Seed banks” 


Vn alternative to storing cuttings is the establishment of “seed 
banks.” fn Cuba. planting time does not always coincide wit! 
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Table 19 
Three pesticide mixtures for stake treatment before storage or planting 

a a ee Ss 
Rate (amount of 

commercial product 
Trade name Common name per liter of water) 








Formula No. 1 


Dithane M-22 maneb 2.22 g 
Antracol propineb 1.25 g 
Vitigran 35% copper oxychloride 2.00 g 
Malathion W.P. 4% malathion 5.00 g 
Formula No. 2 
Malathion E.C. 57% malathion E.C. 1.5 cc 
Bavistin W.P. 50% carbendazim 6.0 g 
Orthocide W.P. 50% captan 6.0 g 
Formula No. 3 
Orthocide W.P. 50° captan 6.0 g 
Bavistin W.P. 50% carbendazim 6.0 g 
Aldrin 2.5% aldrin 1.0 g/stake 











the time of harvest. so the supply of fresh planting material is 
problematic. Rather than developing storage systems, the Cubans 
plant special seed production plots, or seed banks. These plots. 
which constitute about 10 percent of the total area planted on 
the state “arms and cooperatives. are maintained in the field 
unul the plating material is required. and only then are they 
harvested. 

When seed banks are established. they can be given extra 
attention to ensure that good quality planting material is pro- 
duced. For example. heavy doses of fertilizer may be applied to 
promote top growth, and chemicals may be used to control stem 
borers or other insects that reduce the quality of planting material. 


Planting 


Cassava can be planted throughout the year in areas with 
continual rainfall. Even in locations that have a 3- to 5-month 
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dry season. cassava can be planted 2 to 3 months before the 
beginning of the dry season. The flexibility of planting time 
allows the farmer to spread his labor use. However, there is 
normally a considerable difference in yield associated with dif- 
ferent planting dates, and the optimal planting date for high 
yields will vary depending on the local conditions. Thus farmers 
who plant at nonoptimal times to spread their labor will sacrifice 
yield somewhat. 

The numerous ways of planting cassava have been exhaustively 
researched with somewhat conflicting results. Overall, vertical 
planting of cuttings 20 to 30 centimeters long produces vields 
that are equal to. or shghtly better than, yields from other 
planting systems. A significant advantage of vertical planting is 
that the plants are less likely to lodge (topple over). Plants that 
are lodged not only yield less. they also sprout from the axillary 
buds of the stems. which makes them a poor source of planting 
material for subsequent crops. 

Although most cassava is planted by hand. mechanical planters 
are available. In Brazil. @ machine has been developed that takes 
long cassava stem pieces. cuts them, and then plants them 
horizontally. Its greatest disadvantage is its inability to plant 
vertically. Furthermore. the cutting biades may spread cassava 
bacterial blight to all the planting material. In Cuba. a prototype 
machine has been developed that receives long cuttings. cuts 
them. disinfects the cutting blades. treats the cut ends of the 
plauting material with fungicides. and finally plants them in an 
inclined position. Many simpler tractor-drawn planters exist. and 
some can be adjusted to plant inclined. No mechanical planters 
have yet been developed that are suitable for use by small farmers 
who do not have tractors. 

After planting. the major operations are weed control and. if 
required, control of pests through biological control agents. These 
topics have been discussed in previous sections. 


Mixed cropping 


Worldwide. at least a third of all cassava is planted in mixed 
culture. Cassava is commonly grown with other starch staples 
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Table 20 
Yield of intercropped cassava compared with yield from monoculture in 
three countries 





Intercropped cassava 


Yield (t/ha) yield as percentage of 





Grain monoculture cassava 

Cassava planted Cassava legume yield 
Thailand 

Alone 27.6 100 

With soybeans 26.7 0.69 97 

With mung beans 26.4 0.77 96 

With peanuts 24.5 0.91 89 
India 

Alone 24.8 100 

With peanuts 19.7 0.62 79 

With cowpeas 16.6 2.03 67 
Costa Rica 

Alone 16.8 100 

With dry beans 15.2 1.45 90 





Source. E. Weber. B. Nestel. and M. Campbell, eds., /ntercropping with cassava: 
Proceedings of an international workshop held at Trivandrum, India, 27 Nov.-1 Dec. 
1978 (Ottawa, Canada: IDRC. 1979). 


such as maize or plantains. but associations with rubber, coco- 
nut palm. oil palm. coffee. sesame. beans. cowpeas. or pea- 
nuts are not unusual. Mixed cropping of cassava with grain 
legumes holds great promise because of the potential nutritional 
benefits as the production of a high-protein grain will partially 
compensate for the extremely low levels of protein in diets based 
on cassava. In addition, the nitrogen-fixing ability of legumes 
May improve soil fertility, Planting cassava in combination with 
cowpeas or peanuts has been successful (see Table 20). Both of 
those grain legumes are relatively tolerant of light. acid soils. 
and their temperature requiremezis are comparable to those of 
cassava, 

The best results with intercropping are obtained by changing 
the spatial arrangement of cassava plants in the field. Researchers 
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in Brazil have developed a planting pattern in which two rows 
of cassava are planted close together with a wide space between 
pairs of rows, and at CIAT it has been found that cassava can 
be planted with a large degree of rectangularity—close together 
within rows but with widely separated rows (1.5 to 2 meters 
apart). Yields from both these systems equal those from more 
normal planting patterns, but in the early stages of cassava 
growth, there is sufficient space to grow a legume crop. If the 
two crops are planted simultaneously, the cassava competes with 
the grain legume for light by , owing slightly taller and hence 
is not shaded out. By the time the cassava leaf canopy begins 
to close up, the rapidly growing grain legume has begun to 
ripen, and its leaves wither. 

In this manner, high vields of both the cassava and the grain 
legume are achieved. and the advantages to the farmer are 
substantial. Mixed cropping suppresses weeds and lowers the 
disease incidence and pest populations in both crops. In addition, 
the grain legume harvest gives the farmer an early return on his 
investment, alleviating a major problem with cassava growing— 
the long time from planting to harvest. which frequently means 
that the farmer must obtain long-term credit. 

Cassava is planted among mature coconut trees in India and 
among rubber trees in China. where crop land is extremely 
scarce. Under trees. the cassava tends to suffer from insufficient 
sunlight. and the harvest index is very reduced. The Central 
Tuber Crops Research Institute is attempting to develop cassava 
varieties that are adapted to this system. Yields are never likely 
to be high under trees, but the system results in some extra 
carbohydrate without requiring extra land. 


Harvesting 

Although cassava has no specific period in which it matures 
and ripens, there is an optimum period for harvest. which varies 
from variety to variety. If a variety is harvested early—before 
its optimum period—yields will be low: if harvested late. the 
starch and dry matter content may be low. Furtherrnore. at the 
onset of the rains following a dry period. starch content declines 
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A simple lever designed at IITA to make harvesting easier. 
(Source: R. Wijiwardene) 


dramatically. Farmers often determine whether the starch content 
is high enough for harvesting by running a thumbnail across 
the cut surface of a root. When the starch content is high, a 
milky’ liquid oozes out. For farmers accustomed to this crude 
lest. it is remarkably effective. 

The crop 1s usually harvested by pulling the roots from the 
ground. When harvesting conditions are difficult, a crude lever 
is sometimes lashed to the stem, To reduce harvesting time and 
eliminate much of the backbreaking work. ITTA has developed 
a simple harvesting aid that grasps the stem as it is raised. 

Various tractor- and animal-drawn plows have been designed 
to turn the roots out of the ground or at least to loosen them 
to make hand pulling less arduous. A tractor-drawn device 
designed at CIAT loosens the roots and leaves them on or close 
to the soil surface. The roots can then easily be picked up by 
hand, separated from the stems. and packed for transport. This 
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system causes less damage to the roots than traditional manual 
harvesting methods. 

Completely mechanized harvesting systems have been devel- 
oped in which the tops are pulverized and the roots lifted and 
deposited directly onto trailers for transport from the field. The 
best of these systems cause little root damage and could greatly 
reduce labor requirements for harvest in areas in which labor 
is expensive or scarce: they are not widely used, however. 


RESULTS WITH NEW TECHNOLOGY 


The new technology—the combined application of improved 
practices—has been tested under farm conditions in an area of 
the north coast of Colombia where soil and climatic conditions 
are adverse and farmers’ normal cassava yields are 4 to 8 t/ha. 
The technology consists of 


* careful selection of planting material 

* treatment of the planting material with fungicides and insec- 
ticides (at a cost of less than US$10/ha) 

* vertical planting at the optimum plant population (on fertile 
soils, with vigorous branching types—7000 to 10.000 plants 
per hectare: on less fertile soils or with less vigorous. more 
erect varieties: up to 15.000 plants per hectare) 

* hand weeding. as needed. during the first 4 months after 
planting 

¢ ridging in heavy soils in areas of high rainfall 

* optional application of fertilizer 


With no chemical pest control after planting. these practices 
raised vields of the local clone to 10 to 15 t/ha from 6 to 8 
t/ha in the traditional system. and with a new hybrid. vields 
reached 20 to 30 t/ha. (Ridging is not necessary on the north 
coast of Colombia because the soils are candy and well drained: 
however, in high-rainfall areas with heavier soils. planting on 
ridges is an essential component of the new technology.) Ihe 
local clone showed no response to the application of fertilizer. 
probably because of its low yield potential and because in this 
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area, a fallow system is used to maintain fertility. The new 
hybrid yielded more than the local clone in unfertilized fields 
and also responded to fertilizer. Tests in other areas have shown 
that when the fallow period is shortened, the local clones also 
respond markedly to the use of fertilizer. 


QUARANTINE AND TRANSFER OF MATERIALS 


The movement of diseases and pests is a danger not only 
between continents or countries but even within national borders. 
When cassava production is expanded into areas in which cassava 
has not previously been grown. careful attention should be given 
lo quarantine measures. In a massive cassava proiect in the state 
of Minas Gerals in Brazil. planting material was brought from 
adjoining states, and yields declined rapidly as diseases und pests 
ripidly built up in the plantations. It is not certain that new 
Preblems were introduced with the planting material: however 
more care Would undoubtedly have allowed the development of 
plantations that would have beer relatively free of many of the 
diseases and pests that are now endemic in the area. 

A technique developed by the National Research Council 
laboratory in Saskatoon. Canada. permits germ plasm to be 
exche “7ed internationally with considerable confidenee that new 
pests or diseases will not be introduced as a result. The technique 
involves producing plantlets under sterile conditions from the 
apical meristem of cassava plants. This technique is now routinely 
used for the production of plants that are free of most diseases 
and pests. It has not been possible. however. to ascertain if 
African mosaic disease has been eliminated. even though heat 
pretreatment and culturing in this manner results in symptom- 
free plants. Hence it is not wise to import materials from areas 
that have mosaic disease (India and Africa). Moreover. there 
appears to be little justification for this exchange as African 
germ plasm has much less genetic variability than germ plasm 
from nearer the center of cassava origin in the Americas. 

At present. many national quarantine authorities do not accept 
the transfer of vegetative material. even apical meristems cultured 
on agar in aseptic conditions. Ironically, quarantine restrictions 
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on sexual seeds of cassava are much !ess stringent, though it is 
known that cassava bacterial blight is a seed-borne pathogen and 
hence may be introduced by importing seeds from infected 
plantations. 

For moving planting material between areas or countries with 
similar pest and pathogen complexes. it may not be necessary 
to go to the trouble and cost of tissue culture. Vegetative material 
should, however. always be taken from well-managed plantations 
that are free of such systemic diseases as cassava bacterial blight, 
African mosaic disease, or frogskin disease. In addition. cuttings 
should be selected that have no obvious external or internal 
damage. The cuttings should be treated with fungicides and 
insecticides, both on dispatch and on receipt by the importing 
agency. 

The knowledge gained over the last decade has made inter- 
national germ plasm excnange a safe procedure if the norms 
and techniques described above are adhered to. Although there 
is always the danger that new pathogens or pests will be introduced, 
the safety inherent in the new methods means that the gains 
from germ plasm exchange far outweigh the minimal risks. 
Furthermore, if quarantine controls are excessively strict. there 
is always the danger of illegal importation. which entails no 
control on the part of the people who are determined to obtain 
the foreign material. 


5 
New developments in 
post-harvest technology 





The extreme perishability of harvested cassava roots is a curse 
for everyone who grows. processes. markets. or consumes cassava. 
Some farmers who plant cassava solely for family consumption 
can avoid the problem by letting the cassava grow until it is 
needed, and then harvesting only as much as the household 
intends to eat immediately. In effect. the cassava is stored in 
the ground. But that is not possible for farmers who cultivate 
their land intensively and therefore must harvest their entire 
cassava crop at once to permit planting of the next crop. 

Traditional means of storing fresh cassava usually involve 
burving it in soil or submerging it in water, but these methods 
make cassava virtually impossible to transport because it de- 
leriorates rapidly when it is removed from storage. Leaving the 
stem attached to the roots. as some farmers in Ecuador and 
Colombia do, delays spoilage by a few days and makes transport 
somewhat easier. 

When cassava is grown for sale as fresh roots. the middleman 
and retailer assume grave risks because the marketing process 
has to be completed within days. Supplies that are not sold 
quickly are likely to be lost. To cover the risk. a high marketing 
margin is necessary, and that makes fresh cassava costly for the 
consumer outside the production zone. 

Processing Is one way to reduce spoilage losses. Some cassava 
production areas have small mills that can rapidly produce dry 
flour or meals. but these miils operate inefficiently. The perish- 
ability of cassava keeps them from stockpiling enough roots to 
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For farm-famuy use. Cassava can be stored :n silos constructed frora earth 
and lined with straw. (Source CIAT) 


run ata sieads rate. and if producuion near the factory declines 
for any reason. supples of roots from other areas are hard tc 
obtam because of the complesity of harvesting. transporting. 
and delivering cassava before it spoils. 

Deterioration also as a eritical factor in processing cassava: for 
animal feed. When cassava is sun-dried. the speed) of drying 
depends on the wind and humidity. An unexpected shower can 
accelerate the sporlage of the roots waiting to be chipped and 
dried. lowermy the quality of the final product. The perishability 
of cassava makes a continuous supply of cassava essential, which 
necessitates careful coordination between the farmers and. the 
processors. 
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Although large industrial plants that process cassava 1nto starch, 
alcohol. flour, or even gauri can function irrespective of the 
weather. they. too. have difheulty operating at a steady rate. 
Their need for an orderly supply of roots compels the supplying 
farmer to narvest on a fixed schedule, which may not At the 
availability of farm labor or the farmer's overall cropping plan. 
In addition, the supply may be disrupted when heavy rains make 
harvesting and transport from the feld impossible. 


Storage of fresh cassava 

Post-harvest deterioration of cassava is related to two separate 
processes: physiological changes and microbial changes. Phys- 
logical deterioration often begins within 24 hours after harvest. 
The symptoms are blue or brown vascular streaking in areas of 
the roots just below the peel. or rind. which first becomes visible 
at the cut ends of roots or in damaged areas. Some varieties 
are slow to deteriorate. but they usually have a very low dry 
matter content, which makes them undesirable for either the 
fresh market or processing. 

Microbial deterioration nor aally occurs later than the onset 
of physiological deterioration. but it often starts within a week 
after harvest. The signs are blue or brown streaks throughout 
the fleshy part of the root and soft spots. Spoilage is fastest in 
roots that are badly dumaged during harvest or that are thoroughly 
soaked by rain. 


Storage for human conswaplion 

Cassava usually has to be consumed within a day or two after 
harvest because of the lack of satisfactory long-term. storage 
Methods. In soitite early work on this problem, the Tropical 
Products Institute (U.K.). in cooperation with CIAT. tested a 
system based on the European potato clamp. High humidity in 
the clamp “cures” the roots. which can completely eliminate 
physiological deterioration though microbial deterioration can 
sull be a problem. A major disadvantage of this system is that 
the results are extremely variable. with complete loss occurring 
occasionally. That problem can be partially overcome by packing 
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Bulkiness makes it impractical to transport cassava roots over long distances. 
(Source: CIAT) 


the roots in mcist sawdust in boxes. which creates a high humidity 
environment like that of the clamp. The roots can be stored for 
up to 2 months, and the boxes can be transperted. though they 
are bulky and heavy. But the method 1s costly for the farmer 
in terms of both labor and material inputs. Furthermore. it 
requires careful selection of undamaged roots, and it does not 
avert nucrobial deterioration. 

in Trinidad and Tobago. it was found that roots packed in 
polyethylene bags could be stored for 2 months. Tests of this 
method in Colombia have shown that elthough physiological 
deterioration is prevented. microbial deterioration frequently 
causes complete loss after 1 or 2 weeks of storage. Dipping the 
roots in a fungicide before thes are packed in the polyethylene 
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Figure 11. Spoilage is prevented for 20 days by applying fungicide to roots 
packed in polyethyiene bags or to roots from piants pruned 3 weeks before 
harvest. 


bags. however. can retard spoilage for up to 3 weeks (see Figure 
11). Research to determine if the fungicide leaves any toxic 
residue must be completed before this technique can be rec- 
ommended. Since the fungicide is not translocated and is applied 
to the surface, and since roots are always peeled before cooking. 
residues are not likely to be a problem. The spoilage retardant. 
Mertect (thiobendazole). has extremely low human toxicity. and, 
in fact. the product has been used as an antihelminthic drug 
for humans. Consequently. packing cassava roots in polyethylene 
bags after application of a chemical protectant may overcome 
many of the problems associatea with the perishability of fresh 
cassava for human consumption. Although treating and packing 
the roots would be laborious. the reduction in the existing high 
marketing marg’r.s could make the practice economically sound. 
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The spoilage of fresh cassava can also be prevented by freezing 
the roots, which is done on a limited scale in the Dominican 
Repuolic and Costa Rica for export and in Colombia for transport 
to large urban centers. This method is extremely expensive, and 
in most developing countries. frozen storage of a basic starch 
staple is not economical, 


Storage for processing 

The physiological deterioration of cassava is releted to an 
accumulation of the compound scopoletin. When ‘ft. roots are 
bruised. the compound accumulates. and the roots become 
discolored, But pruning the plants (eaving only a woody stump 
to facilitate harvest) 3 weeks before harvest prevents physiological 
deterioration after harvest even if the roots are severely damaged. 
Pruning, however. causes changes in the root that lower its eating 
quality and lengthen the cooking time. Nevertheless. such roots 
are satisfactory for animal feed. The dry matter content. in fact, 
is mMereased. which is a definite advantage. It is not known 
Whether roots from pruned plants are acceptable for starch 
extraction. 

Pruning permits cassava roots to be held for approximately 
3 days before microbial deterioration begins. The use of a fungicide 
to retard microbial deterioration in combination with pruning 
3 weeks before harvest stretches the safe storage period to at 
least 3 weeks. This technique could greatly alleviate the logistical 
problems of the processing facilities by making it possible for 
them to maintain a steady supply of roots. 


Chips and pellets 


In Brazil. oil- or wood-fired driers are used to produce cassava 
chips. or “raspas.” that are of such good quality that they are 
milled into flour for making bread and other bakery products. 
The high price of energy has. however. caused most processors 
to shift to sun drying. Sun-dried chips are often of poor quality 
because the roots. which start to deteriorate before processing 
even begins. continue to spoil during the 3- or 4-day drying 
period and bevause of contamination. The chips may also further 
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deteriorate in storage if inadequate drying leaves the moisture 
coatent too high. However, recent advances in chipping and 
drying technology have improved both the efficiency of drying 
and the quality of the final product. 

Although much less bulky and easier to transport than fresh 
roots. cassava chips are a bulky commodity (around 400 g/I). In 
order to lower chipping and handling costs, Thai exporters have 
moved toward pelleting cassava chips. which inereases their 
density (to 680 2/1). An added advantage of pellets is that during 
handling. they create less dust than chips. 


Chipping 

The shape of the chip influences how fast it dries. Because 
cassava chips are white. they reflect much of the sunlight that 
falls on them. Hence in sun-drying systems. the chips are dried 
more by the passage of air over them than by the direct effects 
of the sun’s rays. The initial drying of the chips occurs as the 
water on the chip surface evaporates. As the surface becomes 
drier, water vapor diffuses from the inner parts of ihe chips. 
Although diffusion and ihe rate of drying are fastest in small 
chips. they easily become compacted. which prevems tree air 
movement. As a result. for efleciive drying, tae chip's shape 
should permit air to readily pass through a large mass of chips. 
The optimal chip geometry for natural drying is a bar approx- 
imately 5 ¥ 1 x [ centimeters. 

In Malaysia. a simple machine has been designed that produces 
chips of approximately those dimensions. This chipper has been 
modified by several organizations and can be built by workshops 
with locally available materials. In Mexico. a chipper with a 
throughput of 1200 kilograms of fresh roots per hour costs 
approximately US$700. These efficient chippers. which are now 
widely used throughout Malaysia. produce much higher quality 
chips than those produced by machines in Thailand. although 
the Thai-type chippers have now been modified to vield higher 
quality chips. A drawback of the Malaysian type of chipper is 
that manufacturing the cutter blades requires highly skilled 
blacksmiths. 
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Malaysian-designed chippers produce cassava chips with the optimal shape 
for fast drying. (Source: CIAT) 


Drying 

The common method of drying chips is to spread them in a 
thin layer on a large concrete floor. The drying efficiency of this 
method is low because most of the sunlight is reflected by the 
chips. Painting the concrete surface black does little to increase 
the absorption of solar energy. as the concrete soon becomes 
covered with white cassava starch and flour. and when the chips 
are spread out. they reflect the sunlight before it can be absorbed 
by the black surface. 

Research by the Asian Institute of Technology. the Tropical 
Products Institute. and CIAT has shown that drying rates car 
be greatly enhanced by placing the cassava chips in suspended 
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Placing chips in raised trays accelerates drying. (Source: CIAT) 


treys. The trays allow more air to flow through the mass of 
chips and eliminate the need to turn the chips periodically. The 
capital cost of the trays is relatively high per unit of dried cassava 
because each tray usually can only dry one batch of cassava 
every 2 days. 

With careful scheduling. the time needed to dry cassava chips 
can be held to 24 hours. Cassava chips made during the day 
should be loaded onto trays in the late afternoon, During the 
night. even though the relative humidity may be high, the chips 
lose moisture. On the following day. the difficult final drying to 
12 to 14 percent moisture content occurs during the early 
afternoon when the relative humidity is lowest. This schedule 
reduces the capital cost per ton of cassava dried in trays to a 
level that may mike the method competitive with drying on 
concrete floors. and the resulting higher quality product can be 
expected to command a premium price. Large-scale trials have 
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not yet been made to test this technology on a commercial basis, 
however. 


Smail-scale flour and starch production 


Cassava flour. such as gari or farinha, is usually produced in 
small processing plants or by the farmer using simple equipment 
at home. In traditional processing. cassava is manually peeled 
and sliced or rasped before drying. Since all these processes are 
arduous, a variety of small machines that can be built by 
blacksmiths have been developed to wash. peel. and rasp fresh 
cassava. These machines have been widely adopted in Brazil for 
the production of farinha, and they are becoming pupular in 
West Africa. 

Large starch plants with centrifugal separators and flash driers 
produce an extremely high quality product and extract more 
than 90 percent of the total starch in the cassava roots. There 
are several international construction companies that will design 
and install complete starch factories. Small-seale starch factories 
normally produce a lower quality starch with more impurities 
and have much lower extraction rates. But washing tke roots 
after peeling and before rasning can greatly reduce the level of 
Impurities in the resulting starch. 


Alcohol 


Using cassava as the raw material to produce fuel alcohol is 
not new. Before and during World War II. Australia grew cassava 
as raw material for alcohol production. and during the war. 
Brazil produced more than 60 million liters of fuel alcohol per 
year from cassava. The low cost of petroleum products tn the 
1950s and 1960s ended these activities. but with rising oil prices. 
interest in cassava alcohol has been renewed. 

The basic process is to wash the cassava and mash it. The 
mash is heated to gelatinize the starch. which is then liquified 
by addition of the enzyme alpha-amylase. The liquified starch 
is hydrolyzed to sugars. and the sugars are converted to alcohol 
by yeast fermentation. The resulting liquor has a low alcohol 
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content, which has to be raised by distillation. Present technology 
allows for an extremely efficient recovery of alcohol: The com- 
mercial vield of the first modern commercial cassava alcohol 
plant at Curvelo in Brazil is 170 liters of alcohol per ton of 
fresh cassava. 

ne conversion of starch to sugars, saccharification, can be 
done by acid hydrolysis or biologically through the use of 
amylolytic enzymes. The acid processes degrade the sugars and 
result in low levels of alcohol production. In Brazil, the acid 
processes have been replaced with microbially produced enzymes, 
which re more effective. 

A major problem with producing aleohol from cassava is the 
energy used in the processing. When alcohol is produced from 
Sugarcane. the waste stalks (bagasse) are burned to fuel the 
distillation process. Although cassava stems could be burned, 
they would not provide sufficient energy for distillation unless 
the fermentation process were further developed to raise the 
alcohol content in the fermeniaticn liquor. Considerable attention 
is being given to the development of more efficient processes to 
separate the alcohol from the water. 


6 
Some case histories of 
cassava development 


During the last several hundred vears. there have been nu- 
merous attempts to promote cassava production. Some have 
failed, some succeeded. In Asia. for example. cassava growing 
has resulted from the purposeful introduction of the crop. and 
the large areas now planted to cassava demonstrate the success 
of these introductions. Because of the profound political and 
economic changes developing countries have undergone in the 
past 20 to 30 vears. it is not worthwhile to attempt to draw 
lessons from programs of the colonial period. Instead, this chapter 
gives five examples of recent approaches to the development of 
cassava production and utilization under very different circum- 
stances. 


Kerala, India: Improved 
production for local consumption 


With approximately 25 million people. the state of Kerala in 
southern India is more populous than many countries. Population 
density is extremely high. farms are tiny, and good agricultural 
land for production of rice. the major staple. is searce. Most of 
the cultivated area is either poorly drained lowlands. where the 
iMportant crops are rice and coconuts. or well-drained hilly 
areas. where cassava ts grown. The sous of the hilly areas are 
highly weatnered. very acid. and low in fertility, 

Expandec food production is needed to improve the nutrition 
of the population. Rice. cassava. and coconut predominate in 
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Table 21 
Average daily per capita food energy and protein supplied by staples in 
Kerala, India, 1970/71 and 1976 











Food energy (cal) Protein (g) 

Staple 1970/71 1976 1970/71 1976 
eee 
Rice 1000 689 18.5 13.7 
Cassava 744 827 3.3 5.5 
Coconut 267 388 2.7 
Oil 212 128 
Sugar 100 
Other 196 13.3 22.3 

Total 2519 203? 37.8 41.5 


Sources: 1970/71: United Nations. Poverty, unempioyment, and development policy: 
A case study of selected ic ves with reference to Kerala (New York, 1975); 1976: 
S. K. Kumar, impact of subsidized rice on food consumption in Kerala, Research 
Report no. 5 (Washington, D.C.: Internationa! Food Policy Research Institute, 1979). 





the diets (see Table 21), which are deficient in both protein and 
calories. During the 1950s and 1960s. the proportion of cassava 
1 the dict increased significantly. with no change in the total 
calorie or protein intake and a decline in the importance of 
rice. This change suggests that as the population has expanded, 
cassava production has grown at an even greater rete in response 
to rising food needs while rice production has not been able to 
keep pace. 

Cassava production in India (most cassava is produced in the 
state of Kerala) has expanded dramatically since 1950, largely 
because yields have risen from 5 t/ha to 16 t/ha. These vields 
are among the highest in the world even though Kerala has 
infertile soils and a shorter growing scason—less than 12 months— 
than many other cassava growing areas. 

Research work on cassava in Kerala has a long history. The 
Central Tuber Crops Research Institute (CTCRI) conducts re- 
search that is oriented toward the development of improved 
agronomic practices and the production of improved variet’ 
As the institute is in the heart of the cassava growing area, the 
technology developed is soon adopted by nearby farmers and. 
due to the high population density and the proxi nity of farms. 
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the new technology spreads rapidly. A contributing factor in the 
rapid technology transfer has been the interest of local religious 
leaders in the research work and its application in farmers’ fields. 

The introduction of several varieties from Malaysia in the 
1950s was a technological breakthrough for Kerala. The varieties 
were extensively tested. and among them, M-4 was found to 
have moderate vield but extremely good cooking quality. M-4 
iapidly became the predominant variety planted by farmers. 
Although higher yielding hybrid clones have since been developed, 
none have had sufficiently good cooking quality to replace M- 
4, Several new high vielding. good quality clones are now being 
tested in farmers” fields. 

At the sume time that M-4 was being introduced. CTCRI 
was developing improved agronomic practices. Recommenda- 
tions. such as the size of cuttings. time of planting, form of 
planting. and weed control. that involve few purchased inputs 
appear tO have been widely adopted by farmers. Other recom- 
mendations. such as application of lime and fertilizer, have been 
less widely adopted. However. most farmers apply farmyard 
manure, Which is readily available and which research has shown 
to have great benefit for cassava. 

African mosaic disease is a major problem in Kerala, and 
CTCRI has an ambitious “seed” program to deal with it. Some 
years ago, CTCRI began to eradicate the disease on its exper- 
imental farm so that it could distribuie stocks of uninfected 
planting material. CTCRI found that when clean planting material 
is used. reinfection rates are extremely low. even on plots 
surrounded by infected fields. Clean plaating material is being 
distributed to farmers. and the results are pronising. it appears 
that with the new hybrids and clean seed. there are great 
possibilities for continuing vield increases. 

Since diets in Kerala are short of calories ane the population 
continues to grow. the demand tor calorie sources normally 
exceeds the supply. Thus. for example. in vears when rice ts in 
short supply. the demand for cassava tends to increase. In addition, 
the low income level makes the population sensitive to price 
differences in basic food staples. Per calorie, cassava 1s normally 
about half as costly as rice bought on the open market (about 
one-fifth of the total calorie Intake in Kerala coines from sub- 
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sidized ration rice, which, per calorie, is similar in price to 
cassava—however, the quantities of ration rice are limited), and 
this lower price tends to result in a strong demand for cassava. 
Thus the new technology has managed to enlarge production, 
and prices have remained low enough for local demand to be 
able to absorb the increased supply. Farmers have be.efited from 
increased production while consumers have gained ¢ arger supply 
of cheap calories. 


Caicedonia, Colombia: A regional program 
to provide food for a major urban center 


Caicedonia is a rural community with 126,000 inhabitants 
and 24,000 hectares of farmland situated in the mountains of 
Colombia. The conditions are close to ideal for cassava: The 
soils are fertile, but somewhat acid: the total rainfall, about 1900 
millimeters, is well distributed throughout the year: and the 
average monthly temperature varies little from 22.5° C. Histor- 
ically, however. the area’s economy was based on coffee and 
plantains, a:id until the late 1960s. only 60 hectares were planted 
lo cassava. 

The powerful and well-organized coffee growers’ federation 
(Federacion Nacional de Cafeteros) is the driving force behind 
the development of the area. This group has assisted development 
in the zone through credit and marketing schemes, electrification. 
construction of roads, and education programs. The overde- 
pendence of the area on coffee. which places the economy at 
the mercy of volatile world coffee prices, has been one of the 
main concerns of the federation. As a result. the organization 
supports a large diversification program aimed at promoting and 
developing crops other than coffee. 

The coffee growers’ federation began to investigate cassava 
growing in Caicedonia and the surrounding areas in the late 
1960s. Marketing studies suggested that there was a large potential 
market for fresh cassava in the capital. Bogota. and that a few 
farmers were obtaining yields as high as 15 t/ha. Observations 
of local varieties showed that one. Chiroza Gallinaza. vielded 
well, but more important, its roots had good eating quality and 
a long post-harvest shelf life. 
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In 1971, the federation selected a young agronomist to spend 
a vear at the Centro Internacional de Agricultura Tropical 
(CIAT) undergoing intensive training in cassava production 
methods. During this period, he was actively involved in varietal 
selection, development of agronomic practices, and pest control 
measures. After completing his training. he returned to his post 
in the Caicedonia area, where the federation provided a jeep 
and financial support so that he could visit farmers. He advised 
on production technology and helped farmers obtain credit 
from the federation for cassava production. The federation gave 
credit only to growers who adopted the recommended tech- 
nology. 

A 1973 survey of cassava production in the zone revealed the 
impact of this extension effort: The vields of farmers who received 
credit and used the recommended technology were 25 t/ha: those 
who did not. had vields of only & t/ha. The area planted to 
cassava also increased rapidly—S00 hectares were in cassava by 
1974 and 1300 hectares by 1978. This success prompted farmers 
in neighboring municipalities to plant more cassava, adding 4400 
heetares to the region’s cassava area. 

Although sudden production increases in other areas of Co- 
lombia have often led to severe marketing problems, forcing 
reductions in the cultivated area. this situation did not occur in 
Caicedonia as the marketing system that evolved insulates the 
farmer from vulnerability to day-to-day variations in the market 
supply of cassava. A small number of middlemen buy the cassava 
as a standing crop. These middlemen estimate the production 
of a field and offer the farmer a price for the whole field. If the 
farmer accepts. the middleman takes responsibility for clearing 
the field by a certain date. Each middleman has his own harvesting 
team and trueks and schedules the harvesting and transport to 
provide a steady supply of freshly harvested cassava to the Bogota 
market. As a result. cassava from Caicedonia has a reputation 
for always being fresh. and it now commands a substantial price 
in Bogota. Although the marketing margin is high and the 
middlemen’s profits are large. it appears that this system works 
to the benefit of both the farmer and the consumer. The farmer 
does not have to use his valuable time studying the daily market 
and peddling his crop. and the consumer obtains a high quality 
product, 
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Most problems of the Caicedonia project have been of a 
technical nature, and the proximity of the national research 
ageney. the Instituto Colombiano Agropecuario, and CIAT has 
permitted a quick resolution of many difficulties. For example. 
cassava cropping led to an outbreak of root rots soon after the 
project was begun. an outbreak that was aggravated by poor 
drainage in some fields. Since the farmers were reluctant to 
rotate with a less profitable crop. the scientists suggested planting 
on ridges as a way to reduce the incidence of infection. Several 
farmers adopted the practice. and as the results became known. 
the practice soon became universal in the region. 

Shortage of planting material was another problem, In 1974, 
When the cassava land was expanding rapidly. cassava growers 
in the area were unwilling to. sell planting material to new 
producers as they feared that overproduction nught result and 
reduce prices. Consequently, one farmer who had been refused 
Went to another area to buy planting material. The cuttings he 
purchased were infested with bacterial blight. a disease not found 
in Caicedonia. and his plantation soon became heavily infected 
and threatened the surrounding fields. Scientists recommended 
destroying the diseased field. The owner agreed to harvest his 
field and destroy all the residue if the other farmers would sell 
him planting material. In this manner, bacterial blight was 
eliminated, and the local farmers became more amenable to 
trading planting material. 

Despite these successes. vields have declined in recent years, 
The long-term consequences of poor management on disease 
and pest incidence have been stressea at field days, but it is 
difficult to convince growers who are getting very high vields 
to change their practices. Some farmers. in their eagerness to 
increase their plantings of cassava. used cuttings infested with 
the cassava fruit fly (4astrepha spp.) and frogskin disease. 
Moreover, few farmers rotated their crop berore vields became 
very low, and most farmers applied massive levels of insecticide 
at the first sign of an insect attack. killing not only the pests 
but also their natural enemies. All of these factors led to serious 
pest outbreaks in the area. Farmers now are more aware of the 
long-term consequences of poor pest management and are be- 
ginning to employ biological control. to select planting material 
carefully. and to rotate crops. 
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These problems have not kept the cassava industry from 
expar.ding rapidly around Caicedonia. From an insignificant part 
of the economy in 1970, it has grown into an enterprise that 
earns US$8 million per year and is a major factor in the rising 
prosperity of the region. 


Cuba: Large-scale production for food 


Since 1960. Cuba’s policy for meetin.: its food needs has been 
to employ highly mechanized. high-input technology on large 
state farms. Although agricultural output has increased, the rapid 
rise in the cost of chemical inputs has prompted a search for 
alternatives. In the 1970s. the Centro Experimental de Mejor- 
amiento de Semillas Agamicas (CEMSA) began work on cassava. 
a traditional food in Cuban diets. Yields were exceptionally 
low (approximately 4 t/ha). numerous cassava varieties were 
grown, and htth was known about their relative value for 
agricultural production. As a first step. CEMSA collected and 
evaluated clones from Cuba and southeastern Mexico. Two 
varieties. Senorita and Pinera, were selected to be multiplied for 
large-seale trials on state farms. Senorita was the highest yielding 
but was very suseepuible to bacterial blight: Pinera had a slightly 
lower vield potential but was relatively tolerant of bacterial blight. 

A critical question was how to multiply these clones rapidly 
and distribute them without spreading bacterial blight. Scientific 
reports suggested that the incidence of bacterial blight might be 
less severe in the lower or primary branches, so these branches 
were selected for multiplication. and as a result, the incidence 
of the disease has been greatly reduced. 

CEMSA also began to test new growing practices. Cassava 
Management in Cuba tn the 1970s was based on sugarcane 
production practices. Thus cassava was planted horizontally in 
deep furrows and irrigated frequcntly. Experiments quickly showed 
that planting on the top o. .ne ridge in a vertical or an inclined 
position and less-frequent irrigation Would greatly increase yields. 
A related yioblem was mechanization. since Cuba, unlike most 
developing countries. has a shortage of agricultural labor. The 
development of a machine that places planting material in an 
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Carefully produced cuttings being distributed at a state farm in Cuba. (Source: 
CIAT) 


inclined position on the ridges paved the way for large-scale 
production of cassava. 

As a result of further development and consultation with 
CIAT, the Colombian system (e/ sistema colombiano) of culti- 
vation was recommended. Most state farms and cooperatives 
now use this system. It consists of planting special “seed banks” 
using certified planting stocks. a careful selection of planting 
material from the primary branch. treatment of the planting 
material, planting on the top of ridges. less-frequent irrigation, 
and reduced insecticide application. Yields average 18 to 20 
t/ha with some state farms obtaining up to 30 t/ha. Cuban 
officials claim that total production has doubled as a result of 
the use of the Colombian system and the clones Senorita and 
Pinera. An early maturing Brazilian clone, Mantiqueira. intro- 
duced from Colombia. has been released and is grown widely. 
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extending the period of the year when cassava is available. The 
increased output is being marketed through state channels. 


Thailand: An export crop 


Thailand is one of the few developing countries that is a net 
exporter of cereal grains. Rice has been both the country’s major 
food crop and its main export. In 1950, rice accounted for 70 
percent of the country’s agricultural output: since then, con- 
siderable emphasis has been placed on diversification. Crops such 
as sugarcane. maize. and cassava have increased in importance, 
and rice now accounts for less than SO percent of production. 


Marketing 


Cassava production in Thailand expanded from 3 million tons 
to nearly 18 million tons during the 1970s, largely as a result 
of trade agreements governing the importation of cereals to the 
European Community. Since 1967. the European Com:nunity 
has protected its cereal growers by a levy on imported grains. 
The levy is set at a level that is commensurate with farm income 
objectives. and it has lifted cereal grain prices well above world 
market prices. However cassava, which is imported for feed. 1s 
subject to a levy of only 18 percent of the levy on imported 
barley or 6 percent of the velue of the pellets or chips, whichever 
is lower. This policy has kept the price of imported cassava 
chips and pellets low in relation to that of cereals and ha; been 
of fundamental importance in the development of the Thai 
cassava trade, 

In 1950. cassava occupied about 0.2 percent of Thailand's 
total crop area. and cassava exports were almost exclusively to 
the United States in the form of starch. In 1956, European 
shipping and trading companies introduced the by-products of 
cassava starch manufacture to European animal feed markets. 
A few years jater. the development of small-scale chippers driven 
by gasoline engines made it practical to produce dried cassava 
chips directly from fresh roots. Thousands of smal! chipping 
plants with conerete drying floors were constructed. and chips 
completely replaced the by-products in the export market. 
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Although cassava chips are a cheap source of calories, they 
are expensive to transport. They are bulky and fragile, and they 
produce clouds of dust during handling. In the late 1960s, German 
entrepreneurs invested US$1I million in the first Thai pelleting 
plant and began shipping cassava peilets to Europe. Compared 
with cnips, pellets are much less bulky (and almost equal in 
density to cereals) and less dusty, though dust still causes difficulty 
in handling. Thailand’s exports of pellets now greatly exceed its 
exports of starch. By 1980, more than 4U0 pelleting plants had 
been built. and exports had reached 6 million tons worth $550 
million. 

The growth of the cassava industry was spurred by the 
development of an extensive road network for Strategic reasons. 
The pellets are hauled by truck to the major ports where they 
used to be loaded onto small cargo vessels for shipment to 
Europe. In the 1970s. rising fuel costs made the use of 100.000- 
ton-capacity ships economically attractive for transporting cas- 
sava, but Thailand did not possess deepwater port facilities to 
handle these large ships. so they anchored in the Gulf of Siam. 
and bagged cassava pe!lets were delivered on barges. This unwieldy 
system ended when the world’s largest conveyer-belt loading pier 
was built at Mabookrang in 1977. which can load 100.000 tons 
directy from shore in less than a week. 

The Thai trade has. however. run into. certain problems. 
European importers stipulate a minimum quality requirement 
of 62 percent starch. 5 percent crude fiber (rnaximum), 3 percent 
sand (maximum), and a moisture content of iess than 14.0 to 
14.3 percent depending on the season. Due to the crude drying 
technology used. there is considerable fungal and bacterial con- 
tamination of the chips. and the starch content is often low. 
Furthermore. instances of adulteration with sand have sometimes 
further lowered the quality. In a survey of material entering 
Holland from Thailand in 1971. more than 80 percent of the 
samples failed to meet the minimum requirements. Belgium has 
stricter quality requirements than the other importing countries. 
ind it has increased its imports of higher quality chips and 
pellets from Indonesia at the expense of those {fro:n Thailand. 
Thai orficials. concerned about the quality of their country’s 
export products. have put the burden of meeting requirements 
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on the exporting companies instead of relying on government 
control, as was the case previously. To demonstrate the gravity 
of not obeying the regulations, a Thai merchant was recently 
sentenced to life imprisonment for adulterating cassava with 
sand. 

Aside from quality problems. the Thai cassava industry faces 
uncertainty about the continuation of tariffagreements that make 
the pellets attractively priced in the European market. The 
European Community could raise the levy on Thai cassava pellets 
at anv time. and there is considerable pressure from European 
farmers to do so. Thailand ‘as accepted export quotas that will 
gradually decrease cassava exports to the European market over 
a period of vears. which clouds the future of the Thai export 
trade in cassava. 

The European Community has offered US$40 million to help 
Thailand grow crops other than cassava. Before cassava pro- 
duction spread to northeastern Thailand. the major crop was 
kenaf. but it never occupied more than a fraction of the land 
that is now in cassava. The expansion of cassava has brought 
limited wealth and development as well as political stability. to 
the area. and at present. there is no realistic substitute for it. 
The system of quotas currently in effect is driving down the 
price the small farmers recetve and reducing their standard of 
living. 


Production 


Before the development of the pellet industry, cassava was 
mainly produced in southeastern Thailand. As the demand soared. 
there was no room for expansion in that traditional area. so 
cassava spread into the northeastern and southern provinces. 
The sood market. plus the excellent local variety Ravong |. 
made cassava an attractive crop for small farmers. particularly 
in areas with poor soil and no irrigation facilities. 

Banks and merchants supported the expansion of cassava 
plantings by making credit available. Some merchants also began 
to ship large quantities of planting material from the traditional 
growing areas to the small farmers in the new areas, and the 
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merchants advised the farmers about suitable growing methods 
for cassava. Also, as cassava production grew, village entreprencurs 
constructed a large number of chipping and drying plants, which 
used cheap, locally made machinery and had a heavy labor 
requirement. These plants were able to buy all the cassava 
produced. Thus, with credit from the banks and merchants, with 
the availability of inputs, and with an assured market, little else 
was required to stimulate the small farmer to increase cassava 
production. 

Although the average cassava yields are high, 15 t/ha, there 
are some signs of decline. The Thai cassava industry is based 
on a supply of cheap fresh roots, which in turn is dependent 
on good yields, so more farmers must begin to use fertilizer 
and improved technology in the future or the Thai industry 
could lose its competitive advantage. 


The north coast of Colombia: 
Chips for the local feed market 


The north enast is a major cassava producing area of Colombia, 
with cassava occupying 40 to 50 percent of the cultivated land 
on farms of less than 20 hectares. Until the late 1970s, almost 
all the cassava produced in the area was consumed on the farm 
or scld fresh in local or urban markets. A small starch plant 
in the area absorbed less than 5 percent of the production. 

In 1976. Colombia established an integrated rural development 
program (Desarrollo Rural Integrado. or DRI) to increase the 
production of food staples, improve the welfare of the small 
farmers, and assist them in purchasing inputs and marketing. 
The DRI program was to coordinate the activities of government 
agencies responsible for agricultural credit, farmers’ organizations. 
national training. agricultural research. and credit for small-scale 
processing plants. On the north coast. the departments of Sucre 
and Cordoba were selected as target areas for the first phase of 
the project. 

Initial attempts to increase cassava production were not an 
unmitigated success. Although production increased as credit 
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lines were opened to the small farmers. the fresh market soon 
became saturated. prices fell drastically, and many farmers did 
not even consider it worthwhile to harvest their cassava. As a 
direct result. DRI set up a post-harvest committee to deal with 
the marketing of the various crops it was working on. 

At about the same time, an independent study was made on 
the potential of cassava chips as a substitute for imported cereal 
grains in the local feed industry. At the level of prices paid for 
fresh cassava for human consumption, a cassava-chipping industry 
did not appear viable: however the analysis suggested that if 
yields over 8 t/ha could be obtained with the existing production 
costs, then cassava could profitably be produced for animal feed. 

But this analysis was based on many assumptions and certainly 
could not. in itself. be considered a sound basis for setting up 
a sche:ne for increased production and drying thioughout the 
region. Two alternative lines of development were considered. 
The first was to embark on a lengthy research program to verily 
the assumptions on which the analysis was based: the second 
Was to set up a small pilot project. using the existing knowledge 
about cassava production. to see if cassava chips could he 
economically produced. The second alternative was chosen. 

In 1980. a group of small farmers in the department of Sucre 
constructed a drving floor of 300 square meters. and in the 
following year, the pilot pzoject began to collect data on drving 
under the local conditions and to test the acceptability of the 
product to the Iccal animal feed industry. As experience was 
gained. researchers modified and improved the drying process. 
The actual drying was managed by the farmers’ group. so accurate 
information on the labor requirements and costs of the process 
could be obtained. DRI induced the largest local feed mill to 
guarantee a price for the dried cassava chips. In 1982. the 
chipping plant operated on a semicommercial basis. and further 
data were collected. In 1983, encouraged by the pilot project. 
DRI decided to help other farmers organize formal farmers’ 
associations. construct drying floors. and purchase chipping 
machines and the small equipment used in drying cassava. Six 
chipping plants began operating in 1983, and 20 more are 
planned. 
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When the frst six commercial plants were under construction, 
the project organizers were concerned whether enough cassava 
would be available to keep the plants fully operational and 
whether a possible shortage of roots in the area would drive up 
cassava prices (for the local fresh market), keeping the drying 
plants from obtaining low-priced raw material. The farmers, who 
also owned and managed the chipping plants. were not, however. 
concerned about a high cassava price. They felt that if prices 
rose. they could sell on the fresh market at a high price and 
cover the interest on their debts. On the other hand. if the fresh- 
market price fell, they could process their cassava and sell at 
the price guaranteed by the local feed mili. Hence, for the first 
time. the farmers could think of increasing production with no 
risk of flooding the market and having to sell their cassava at 
ridiculously low prices. Consequently. they responded by planting 
more land to cassava and improving their production technology. 

Although only a few plants are functioning at present and 
their total production is not large. this project. which integrates 
production, processing. and marketing. does seem to offer several 
hints on how. successful cassava expansion schemes can be 
managed. 


Successful development: An appraisal 


These five disparate examples demonstrate that there is no 
simple formula for success. In three of the cases, development 
of cassava production appears to be closely related to the 
improvement of technology by research organizations, but in 
one case. that of Thailand, though much has been done in the 
past. research is only now beginning to play an important role. 
Nevertheless. the existence of a technology that produces high 
yields appears to be of paramount importance. In four of the 
five cases. vields are well above the world average. 

A significant common feature is the presence of a stable market 
for the cassava produced. Although the marketing systems vary— 
a complex chain of processing and shipping in Thailand: a local 
feed market in northern Colombia: a state distribution system 
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in Cuba: a middleman marketer in Catvedonia, Colombia: and 
small local markets in India—in all cases the producers have 
an outlet for their produce that does not require them to devote 
much tine to marketing. In addition. the farmers have been 
able to rapidly obtain information about new production tech- 
nology, In the examples. the transmission of this information 
Was through channels as different as extension agents. Merchants 
Who gave advice. and a) state-controlled production svstem. 
However, in all cases a channel existed. 

Although many other factors will afleet the adoption of im- 
proved cassava technology, it does appear that successful programs 
for increased production must have at least. three components: 
a viable production technology. a way to communicate. this 
technology to the farmers. and an outlet for the increased 
production. The experience on the north coast of Colombia and 
observations of several cassava Projects that have failed SUppeSt 
that certain ingredients are essential for a Successful implemen- 
tation of cassava development programs. 

The first phase in a development project iS a macroeconomic 
analysis of the demand for cassava or cassava products and 
competing products. such as cereal grains, for which cassava ean 
substitute. In this analysis, not only the potential demand for 
cassava produets but also the larget prices at which cassava could 
enter the various markets should be determined, 

When potential demand has been established for one or more 
cassava products. production sites and Processing technology 
should be evaluated in terms of both potential output and 
production and processing costs. These estimates may be relatively 
crude. but they can be compared with the larget prices to decide 
Whether to continue with the cassava project. 

If the decision is positive. two lines of approach can be 
followed. The original crude estimates can be refined by further 
research, but this task may be costly, and the extra accuracy 
gained may be small. Or a small pilot project can be started 
using the best available production and processing technology 
to obtain concrete data on a semicommercial basts. During this 
Phase. technology will be adapted aid improved by research at 
the site. Chis approach will test the technological and economic 
Viability of expanding the project into a commercial phase. 
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Certain policy decisions may also be required. For example. 
it may be necessary to establish special credit lines, increase 
institutional support of extension work, or remove subsidies to 
competing products. Once the policy changes have been instituted, 
the project can be moved into the commercial phase on a sound 
basis with great expectations of success. 


7 
Development of national programs 





Most tropical countries are short of calories for human con- 
sumption or animal feed. and despite the tremendcus potential 
many of these nations have for growing cassava, few have well- 
organized eftorts to expand cassava production and utilization. 
Cassava producers are often hesitant to increase their production 
because they fear that they will flood the market. Food processors. 
the animal feed industry, and other possible industrial users are 
unwilling to invest heavily in cassava-based products because 
the supply of cassava is often erratic or insufficient for their 
requirements. 

Both growers and processors often have good reasons for not 
changing the status quo. As described in Chapter 6, atiempts 
to increase cassava production oa the north coast of Colombia 
were not initially successful. The perishability of the roots kept 
the farmers from transporting their surpluses to distant markets 
where cassava prices were favorable. and farmgate prices declined 
so sharply that the farmers could not cover the costs \f planting 
and harvesting the crop. At the same time, prices for maize and 
sorghum for animal feed were extremely high. Cassava chips 
could have competed well in the local market for feed, but 
chipping and drying plants did net exist and could not be 
constructed in time to utilize the excess production. The reverse 
situation occurred when a large drying plant was constructed 
in Venezuela to process cassava for animal feed. The plant's 
capacity was so much greater than the local production that it 
could not work at more than half its full capacity. 

These two examples underscore the necessity for carefully 
planning the integration of production, processing, and marketing 
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in the development of a cassava program. Many agricultural 
leaders regard production as the primary bottleneck in agricultural 
development. and for most crops, that assumption is basically 
true. For instance, in Central America, most nations have cam- 
paigns to increase the production of dried beans. These programs 
are little concerned about overproduction because crops of such 
relatively low perishability can easily be transported to other 
areas or even exported. With cassava. a highly perishable crop, 
excess local production is a serious problem. Any program to 
expand output must be integrated—it must address the processing 
and marketing aspects of the crop as well as production. 

In establishing integrated cassava programs, a major question 
is Which agencies will be involved in the research and development. 
in developed countries. a large portion of the total agricultural 
research ana development budget is borne by the private sector, 
Private companies may develop varieties and distribute seed. 
produce chemicals that help to increase production, and devise 
new methods of packaging and processing to enhance the salability 
of the final produet. 

Some similar examples in regard to export crops exist in the 
developing world. In Malaysia. a consortium of companies that 
produce palm oil has invested heavily in research. The total 
production of these companies is so great that they can obtain 
a high return on their investment in research because of the 
resulting increase. in productivity. But. with the excepucna of 
Thailand, cassava is not a major export crop. and even in 
Thailand. most of the cassava is produced by small farmers. 
Hence it seems unlikely that large private companies will engage 
In cassava production and processing and give support to research 
and development. 

In the developing countries. particularly in Latin America. 
the private firms have invested in research and development 
when there is a possibility that the product being developed can 
be marketed, For example. private companies have bred sorghum 
and maize hybrids that are adapted to lowland tropical conditions: 
since farmers cannot produce their own hybrid seed. the com- 
panies can sell the seed of a good variety. In regard to cassava. 
most farmers produce their own planting material. and they can 
purchase or obtain small stocks of new clones and multiply 
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Farmers leaving a fiela day carrying cuttings of new vaneties to try on their 
own farms (Source CIAT) 


them themselves. Hence the “seed” market is too small for the 
private sector to be interested in developing new clones. 

Phe development of chemicals spe: theally for use in cassava 
production also appears unlikely. because the low-input philos- 
ophy. which seems appropriate for cassava. negates the possibility 
of Jarge sales. However. it does seem probable that cassava 
farmers will have to use fertilizers and it will be convenient tor 
them to use herbicides in the future. so commercial companies 
may become interested in invesuigating these aspects of cassava 
production. Most cassava research, however. is not going to be 
economically attractive to the private sector, [te will have to be 
done bs the public sector, 

Por a program to be successful. it is necessary not only to 
plan to develop improved technology but also to transfer the 
technology to the farmers. Conventional wisdom suggests that 
when new technology is both profitable and practical. and meets 
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the requirements of the producers. it will spread even in the 
absence of active extension efforts. This conclusion has been 
drawn mainly from experience with highly profitable cash crops 
and. in certain cases, from the adoption of new varieties in 
irrigated areas in which there are concentrations of large numbers 
of farms that produce the same crop. However, when a new 
technology has to be taught to large numbers of small farmers 
who grow a wide range of crops and who may not have good 
information sources. extension work is likely to be critical in 
the adoption of new techniques or varices. Nevertheless, ex- 
tension efforts will fare best when the new technology ts relatively 
simple and appropriate to the socioeconomic and agronomic 
constraints faced by the farmer. 


National program objectives 

Before a national cassave program is formed, it is essential 
to clearly define the objectives and the framework in which these 
objectives are to be achieved. A preliminary study should be 
made to estimate where cassava can be produced in the country, 
the probable commercial vields. what inputs are required by the 
farmers. and what processing plants and infrastructure are needed. 
These estimates will give a rough idea of the costs of production, 
both to the farmer and to the state. From these calculations, a 
price can be put on cassava roots that can be used to assess 
the potential demand for cassava for traditional or novel uses. 
In order to satisfy the demand. improvement in infrastructure— 
such as roads to facilitate transport or investment in processing 
plants—may be required. The cost of these improvements should 
also be estimated and used in making a full-scale feasibility 
study that will more accurately determine cassava yields and 
required inputs. This information can then be used io decide 
whether a full-scale program should be embarked upon and. hi 
so. to define the program objectives and the resources required 
to meet them. 


Potential production areas 


Cassava will grow in many soils and under a wide range of 
climatic conditions. but like most crops. it vields best in fertile 
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Although cassava as a species has broad adaptability. varieties must be selected 
individually for each agroclimatic zone. (Source: CIAT) 


sol with little or no drought stress. Under prime agricultural 
conditions. farmers logically choose to grow crops that have a 
higher market value than cassava. On the other hand. cassava 
often grows and produces well in poorer agricultural areas in 
which few other crops can be grown without costly soil amend- 
ments or infrastructure for irrigation. In areas that are considered 
marginal for agricultural exploitation because the soil is acid 
and infertile. because the rainfall is un’ ertain. or because long 
dry periods (up to 5 months) occur, he potential for cassava 
production appears great because with 2 relatively small invest- 
ment. unproductive lands can begin to contribute to the nation’s 
total agricultural output. 

It is not easy to predict the cassava vields, or the inputs 
required to obtain them. from marginal iands. Experimental 
plots can be established in a zone. but this procedure only gives 
an estimate of the maximum potential production with the 
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known technology. The long-terra average yield that can be 
expected over a large area is considerably less than that potential 
because as the area planted to cassava expands, soil fertility 
declines, the incidence of disease and pest prot lems tends to 
inerease, and yields fall. In a production program for cassava 
alcohol established in Minas Gerais. Brazil. in the 1970s. the 
first small-plot vields and initial commercial vields were quite 
high. but as the area planted increased. vields declined drastically. 
Only now, as a result of research. are the yields being raised 
again, 

There is no standard method for determining how much yields 
will drop as the area planted grows: nevertheless it is possible 
for a team of experienced agronomists. soil scientists. pathologists, 
and entomologists to assess the probable vield level of commercial 
production in a given region and the inputs required to achieve 
such a level. Hf their vield estimates are high enough to warrant 
further interest in the project. commercial-scale trials should be 
condueted to obtain more precise data on the farm vields that 
can be attained. This process is seldom fast enough for policy- 
makers. who are keen to see projects move ahead rapidly. vet 
such trials are essential to reduce the high risk ofa failed project. 

Crude estimates of the commercial cassava vield that is possible 
under different growing conditions and the major inputs required 
are presented in Table 22. The assumptions underlying the data 
in this table are that management is good. that the crop is kept 
well weeded by hand or with herbicides. that good quality planting 
material is used. and that integrated pest management is practiced. 
This table can only serve as a guideline for planning purposes: 
The actual vields that will be commercially obtainable in a 
region must be determined through commercial-scale testing. 

Table 23. which is based on Table 22. gives an estimate of 
cassava production costs on prime and marginal laid at two 
daily labor rates and at two different vield levels. The actual 
production costs will vary from locality to locality, but based 
on the assumptions used to make these estimates (see Appendix 
1), local data on prices and land value can be used to obtain 
a rough estimate of the probable cost of producing cassava under 
different circumstances. 


Table 22 
Potential yields of improved cassava varieties? with good management under various growing conditions 


ST SCS eee 


Months 
to Soil Fungicides ar J Planting Yield 
Rainfall harvest fertility insecticides season Fertilizer (t/ha) 


eke CO OO eee 


Annual temperature range: 22-28°C 





1000+ mm 
well distributed 


1000+ mm 
3-4 dry months 


1000+ mm 
well distributed 


1000+ mm 
3-4 dry months 


High 


High 


Moderate 


Moderate 


Stake treatment 


Stake treatment 


Stake treatment 


Stake treatment 


All year 


Start or end of 
rainy season 


All year 


Start or end of 
rainy season 


To maintain fertility 
To maintain fertility 
To maintain fertility 


To maintain fertility 


Over 35 


30-35 


30-35 


2 30 


Stl 


1000+ mm 
well distributed 


1000+ mm 
3-4 dry months 


1000+ mm 
mostly in 
summer 


1500+ mm 
well distributed 


10-12 


10-12 


10-20 


14-18 


Acid Stake treatment All year 75:150:100 NPK 20-25 
infertile (+ zinc) 0.5 t/ha lime 
Acid Stake treatment Start or end of 75:150:100 NPK 15-20 
infertile (+ zinc) rainy season 0.5 t/ha lime 


Annual temperature range: 20-24°C (cool winter, hot summer) 
Moderate Stake treatment Spring or To maintain fertility 20-40 
autumn (depends on !ength 
of growth cycle) 


Annual temperature range: 18-22°C 
Moderate Stake treatment All year To maintain fertility 20-30 





Source: Revised from J. H. Cock and J. K. Lynam, Cassava: Future potential and development needs, in Proceedings: Fifth International 
Tropical Root Crop Symposium, Manila, Phillippines, Sept. 1979 (Los Banos: Philippine Council for Agricultural and Resources Research, 1982). 


4]mproved varieties are noc yet available for al! conditions. 


6b! 
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Table 23 
Production costs of cassava in relation to wage rates and yield level@ 








Production 
Land Yield level Wage rate costs 
quality (t/ha) (US$/day) (US$/ton) 
Marginal 15 2 36 
4 45 
25 2 22 
4 27 
Prime 30 4 33 
6 37 
40 4 25 
6 28 





aSee Appendix 1 for explanation. 


Potential demand 


Demand for cassava must be examined in relation to the 
demand and price structure of other starchy crops because 
considerable opportunity for substitution exists. Table 24 shows 
the price level at which cassava would be expected to be com- 
petitive with various starchy commodities. Similar data obtained 
on a nauonal or regional basis should be used to determine 
Whether cassava can compete with other starchy staples and for 
what uses, 

The demand for fresh cassava is more complex because of 
the importance of quaiuty to the consumer. High quality, fresh 
cassava. particularly in the urban markets. is apparently a 
preferred food. and hence it must be viewed in this light rather 
than as a substitute for other starchy staples. The consumption 
of starchy staples normally decreases as income levels rise above 
a certain level: however there is no evidence that the consumption 
of fresh cassava decreases in urban areas as income levels rise. 
Moreover. the improved cassava storage methods that result in 
a high quality product with a longer shelf life may dramatically 
change the demand. 
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Table 24 
Estimated price below which cassava can enter market as a substitute for 
competing products, ir relation to yield levels and daily wage rates* 








Substitution price 





Cassava Wage Milled Sorghum 

yield rate rice Siarch or maize? Gasoline 

(t/ha) ($/day) ($/t) ($/t) ($/t) ($/!) 

Marginal land 

15 2 176 194 138 0.41 

4 221 230 166 0.46 

25 2 108 138 94 0.33 

4 132 158 109 0.36 

Prime land 

30 4 162 182 128 0.39 

6 181 198 141 0.42 

40 4 123 150 103 0.35 

6 137 162 113 0.36 


Source: J. H. Cock and J. K. Lynam, Cassava: Future potential and development 
needs. in Proceedings: Fifth International Tropical Root Crop Symposium, Manila, 
Philippines. Sept. 1979 (Los Banos: Philippine Council for Agricultural and Resources 
Research, 1982). 


“See Appendix 1 for assumptions used to obtain data. 
°For animal feed. 


Production research 


The potentiai of cassava is as a cheap source of energy or 
calorics from marginal agricultural areas. It is futile to think in 
terms of a high-input technology based on heavy applications 
of fertilizers. herbicides. fungicides. and insecticides combined 
with irrigation. all of which are extremely costly. Rather. it is 
necessary to seek a production technology that can cope with 
the stresses that are inherent in the harsh environment in which 
cassava is. and will continue to be. grown. 

It is easier to develop a highly productive technology for 
irrigated conditions with chemicai control of weeds and pests 
and high fertilizer inputs than to Gesign a new technology and 
breed varieties that are capable of producing acceptable yields 
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under marginal conditions with little use of chemicals and without 
irrigation. Thus, paradoxically, the development of low-cost cas- 
sava technology requires a heavy research investment. But the 
return on investment in well-organized agricultural research is 
extremely high, and for a crop such as cassava, which science 
has given little attention to until recently, the payoff from research 
will likely be higher than it is for crops that have been more 
thoroughly investigated In addition. research costs, unlike the 
costs for the continual purchase of inputs, can be spread over 
a large area over a long time period. For example, the high- 
vielding clone Mantiqueira, which was developed in Brazil more 
than 30 years ago. is still widely grown today. There is little 
doubt that the research investment for its development has been 
repaid many times over by the increased yield that has resulted 
from its widespread adoption by farmers. Because of the high 
rate of return and the long-term application of the technology 
that results. investment in agricultural research to resolve prob- 
lems 1s potentially more beneficial to society as a whole than 
continual expenditures for chemical inputs. 


International centers 


Two international agricultural centers, the International In- 
stitute of Tropical Agriculture (IITA) in Nigeria and the Centro 
Internacional de Agricultura Tropical (CIAT) in Colombia, have 
large research programs devoted to cassava (see Appendix 2), 
These centers are developing improved varieties and agronomic 
practices and. to a lesser extent. methods of handling cassava 
roots afier harvest. The ITA root and tuber improvement 
program is mainly concerned with developing high yielding, 
disease-resistant. genetic material and agronomic practices suitable 
for use in Africa’s slash and burn culture. The IITA program 
emphasizes resistance to African mosaic disease. which is found 
in Africa and India. and biological control of mealybugs and 
spider mites. (In addition. IITA conducts research on farming 
systems that is concerned with the development of alternative. 
efficient. permanent crop production systems for sustained vield 
in the humid tropics to replace the intermittent shifting cultivation 
and bush-fallow systems.) CIAT is engaged in developing genetic 
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material and technology suitable for cassava production in the 
Americas and Asia. CIAT also has a small research program in 
the development of storage and drying technologies and improved 
utilization of cassava products. 

Researchers at these centers recognize that no single variety 
or production system can be appropriate for all agricultural 
systems in the lowland tropics where cassava is grown. ITA 
distributes most of its genetic material in the form of sexual 
seed, the progeny of which is highly variable so that national 
programs can select varieties that are suitable for local conditions. 
CIAT distributes both clonal material and sexual seed. The sexual 
seed is normally sent to well-established national research pro- 
grams that have the capacity to handle large numbers of genetically 
distinct materials. Clonal material, which has already been care- 
fully selected. is sent to the smaller national programs by both 
CIAT and ITA. 

The centers also study the basic response of cassava to various 
agronomic practices. Practices suitable for certain conditions may 
be developed, but the objective of this research is to provide 
information that can be used by national or regional programs 
to create superior agronomic packages for their own conditions. 

The research on cassava at CIAT and IITA in no way diminishes 
the need for strong national programs. In fact. the effectiveness 
of the international centers is totally dependent on the efforts 
of the national programs. Consequently. the international centers 
offer extensive training programs for personnel from national 
programs. In this manner, an international network of cassava 
researchers who freely exchange ideas. knowledge, and genetic 
material has been built up. and the national centers and the 
international centers work together to improve cassava production 
SYSLCM5, 


National research programs 


Since the 1970s, there has been rising interest in cassava on 
the part of national agencies. and several new national research 
programs have been organized. One of the major difficulties in 
Starting up these new programs has been the lack of well-trained 
natural and social scientists with experience in cassava to manage 
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the programs and carry out the research. In the initial phuses 
of program development, the national programs have made 
extensive use of the training, courses offered by the international 
centers to familiarize scientists with the latest cassava technology. 

Most new national programs are organized as multidisciplinary 
teams of scientists. in contrast to traditional research organizations 
in which individual scientists work within their particular dis- 
cipline or sphere of interest with little concern for relating their 
work to that of other researchers. Scientific teams are able to 
resolve problems that go across traditional disciplinary bound- 
aries. Teams of scientists are necessary for another reason: The 
problems in developing a new agricultural technology are so 
complex that one scientist working alone is unlikely to make 
significant progress: he or she can only provide isolated research 
data that cannot be easily incorporated into a technology package 
that can be used by the farmer. 

The objectives, and hence research emphasis. of each program 
will vary from country to country. Nevertheless. certain research 
areas will most likely be common to all programs. 

Farietal improvement. Since cassava production technology 
should be appropriate for suboptimal conditions and minimal 
use of purchased inputs, an ideal variety would have high yield 
potential. low nutrient and water requirements, and resistance 
to major diseases and pests. But the rate of progress in breeding 
any crop is generally inversely related to the number of breeding 
objectives. Hence. to make rapid progress, the breeding objectives 
should include unly those factors that are not easily resolved by 
other means and that will eventually raise yield significantly and 
contribute to ease of utilization of the crop. CIAT and IITA are 
both developing germ plasm with superior characters, which 
national programs can use directly for selection or which they 
can incorporate in their breeding programs. 

Pest management. Despite the general tolerance of cassava to 
diseases and pests, as production spreads and cultivation becomes 
more intensive. problems will increase. Recently severe losses 
have been caused by green spidermites. mealybugs. and cassava 
bacterial blight in Africa and by bacteriosis in Brazil. Adequate 
pest control systems should be developed, based on host-plant 
resistance. biological control. and cultural methods. Chemicals 
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should be considered as a supplementary measure when other 
methods prove inettective. but they should be used with care to 
avoid reducing the effectiveness of other contro! methods. Pest 
problems are intimately related to the focal environment, so 
control methods must be adapted to local conditions. 

For weed control, chemicals inay be necessary, particularly if 
there is a shortage of labor. The use of manual labor and 
herbicides for weed control are not mutually exclusive, and 
integrated control methods can be developed that are appropriate 
for the seasonal availability of labor. 

Agronomic practices. Simple improvements in agronomic prac- 
tices can lead to large vield increases. Some practices, such as 
selection and treatment of planting material, may be fairly 
universal in their application while others, such as planting at 
the optimum time, will be very location specific. As a result, 
national or local agencies will need to become actively involved 
in these aspects of research. 

A major problem of cassava growing is that soil fertility 
declines unless fertilizer is applied. The costs of the fertilizer 
can be reduced. however. by developing efficient methods of 
application and using cheap sources of nutrients such as rock 
phosphates. 

Cropping sysiems. About 40 percent of the world’s cassava is 
planted in association with other crops, but few scientists give 
mixed cropping with cassava much attention. Since the cassava 
crop develops slowly, short-season intercrops can be grown and 
harvested with little effect on final cassava yield. An early harvest 
of another crop enables the farmer to obtain a quick return on 
his investment. thus alleviating the cash-flow prehlems that are 
associated with cassava’s long growth period. In addition, mixed 
cropping tends to decrease disease. pest. and weed problems, 
and the use of grain legumes may help to maintain soil nitrogen 
status. Mixed cropping adds to human nutrition because the 
consumption of grain legumes improves the protein level of 
cassava-based diets. There is considerable scope for improving 
vields from mixed cropping involving cassava. Since there has 
been a lack of previous research on this aspect of production. 
rapid progress should be possible. 
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Technology validation. There are many examples of technology 
that produces extremely good .esults on experiment stations but 
is disappointing in farmers’ fields. Correct design of technology 
and careful attention to conducting experiments under conditions 
similar to those encountered by the farmer can help avoid such 
problems. However, at an early stage of development, technology 
Should be validated in farmers” fields with the farmer playing a 
major role in growing the crop. On-farm evaluation of technology 
frequently exposes flaws and draws attention to the availability 
of inputs and resources required by the new technology. If the 
technology 1s shown to be deficient. the problems can be rectified 
before it is widely promoted. If required resources are not available, 
steps can be taken to ensure that they will be in the future. By 
involving local extension agents in technology evaluation trials, 
it is also possible to obtain information on the ease with which 
the new technology can be transferred. 

Technology transfer. Most cassava growers routinely try new 
varieties on a small scale. If they like a new variety, they slowly 
increase the proportion of their cassava area planted to it. Yet, 
in the absence of a determined extension effort. the adoption 
of appropriate new varieties will be slow for several reasons: 
Cassava is frequently planted in isolated plots. which :mpedes 
communication among growers of the crop: the yield of a field 
of cassava is apparent only at harvest. so that neighboring farmers 
cannot readily notice a productive new line: the crop cycle is 
long. traditional propagation systems are slow, and there is little 
incentive fe. private salesmen to promote the spread of the new 
varieties. An extension effort to show the advantages of the new 
varieties, coupled with a “seed” production program, can greutly 
enhance the rate of adoption. 

Availability of inputs. Even a cassava technology that is based 
on low levels of input use requires certain services and inputs. 
Among the most important is clean planting material of good 
varieties. Simple. rapid propagation systems that require little 
capital investment and that produce high quality planting material 
exist. The return on investment in propagation facilities has not 
been sufficiently high to attract commercial seed companies. but 
National agencies should be able to set up self-sustaining prop- 
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Facilities for rapid propagation do not need to be elaborate or expensive. 
(Source: CIAT) 


agation facilities as a service to cassava growers, as has been 
done in Colombia. 

Certain agrochemicals are necessary, too. Fertilizers arc es- 
sential in infertile soils and must be applied to obtain consistently 
good yields on moderately fertile soils. In marginal agricultural 
zones. fertilizer is often expensive because of the high cost of 
transporting bulky commodities over poor roads. Thus, if an 
area with poor infrastructure is to be developed using cassava 
as a major crop. the construction of roads may be necessary to 
facilitate both the inward movement of inputs and the outward 
flow of products. 

Small quantities of herbicides. pesticides, and fungicides are 
required. and the main problem in this case is not transport 
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but availability. Chemical treatment of cassava planting material 
at a cost of about US$4 to US$8 a hectare gives marked 
improvements in vield in many instances, but farmers may not 
have access to the small quantities of chemicals thev need. It 
seems reasonable to expect national agencies to establish input 
distribution channels (that reflect real costs) to ensure that farmers 
can readily obtain the agrochemical inputs thev need for improved 
cassava production. 

In recent vears. the devastation caused by green spidermites 
in East Africa, mealybugs in Zaire. and the hornworm in parts 
of South America leaves no doubt about the importance of pest 
control, even in traditional cassava growing systems. Biological 
control is a powerful weapon for fighting insects: however farmers 
often cannot obtain the biological control agents, National agen- 
cies should provide these services or encourage commercial houses 
to do so. 


Processing and utilization 


The problems of handling cassava after harvest stem from 
the fact that it deteriorates extremely rapidly. All processing 
methods should aim at rapidly producing a more stable, less 
perishable product. which will reduce handling costs and risk 
and also facilitate marketing by allowing an accumulation of 
reserve stocks. Post-harvest handling technology appears to be 
much less location specific than production technology, and 
hence strong research efforts in a few locations may generate 
technology that can be used in many areas of the world. 

Food. Recent research at the Tropical Products Institute (TPI) 
in London and CIAT has advanced knowledge of how to control 
the deterioration of fresh cassava. The two institutes have de- 
veloped storage techniques that. with minor adaptations, can be 
used in many cassava growing areas. 

A number of publicly funded institutes. including TPI and 
the Instituto de Investigaciones Technologicas in Bogota. Co- 
lombia. are developing improved technology for making bread 
that contains cassava. In fact. the technology could be used in 
many areas now if a sufficient amount of cheap cassava flour 
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were available and not in competition, as So often happens, with 
subsidized wheat imports. Nations that have scarce resources 
may well be able to transfer such food technology from other 
areas instead of embarking on expensive research programs. 

Other products. The technology for the production of chips 
and pellets for animal feed has been developed largely y 
commercial interests with some assistance from publicly funded 
institutions. and the situation is similar for starch and alcohol 
production. Generally, processing technology can be readily 
transferred from one region to another, so not every national 
research program will need to do exhaustive research on cassava 
processing. 

Nevertheless. research effort may still be required. For example. 
there is a critical question concerning the concept of using 
cassava to produce fuel alcohol: Unless the stalks are used to 
fire the distillation boilers. or the whole process is made to 
require much less encrgy, the net energy gain from cassava 
alcohol is likely to be small. Such problems can only be resolved 
by extensive research. but the results should be broadly applicable 


to many areas. 


Government policy 


Expanded cassava production could contribute to greater total 
agricultural production. improve the nutrition of the lower income 
groups. reduce dependence on imported grains, and even mod- 
erate demand for imported oil by serving as an energy source. 
in addition. cassava offers a means to Dring underutilized. 
marginal lands into cultivation and to create jobs in such areas. 
where production may be substantial. But increasing production 
may require cc ‘tain policy changes. 

Inereased cassava production can only be obtained if good 
technology is available for efficient production of the crop. Cassava 
has been neglected by most government research agencies, SO 
few tropical countries have good technology that has been proved 
on the farm level. A first step toward reaping the benefits of 
increased cassava production must be the support of research 
and development of low-cost production technology. This tech- 
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nology must permit Cassava to be produced at prices low enough 
for the crop to be competitive with other starchy staples ang 
with yields that are high enough to give farmers sufficient profits 
to make expansion of Production worthwhile. 

Government Policies often interfere with the substitution of 
cassava for other starchy staples. particularly grains. As the 
developing world has changed from being a net exporter to being 
a net importer of food products, governments strive to maintain 
low urban fod prices. This goal has often been achieved by 
directly or indirectly subsidizing imported or locally produced 
grains. Subsidies for grains. whether direct or in such forms as 
cheap credit or subsidized inputs, diminish the econcmic in- 
centives to expand cassava production. Support Prices for grains, 
however, do not work against Cassava—thev tend to support the 
Price of cassava. too, Where it can substitute for grains. A 
realization of the potential utility of cassava. coupled with policies 
that support Cassava research, development, and extension and 


fan open the way for increased cassava production and better 
utilization that will result in greater self-sufficiency in food for 
many developing nations. 


Appendix 1: Estimation 

of production costs of cassava 
and competitiveness 

with other energy sources 


The figures and calculations shown in this section can be used to 
obtain a preliminary idea of the production costs of cassava and its 
ability to compete in the marketplace with other starch staples (values 
are in U.S. dollars). 


Production costs 


Production costs 
per hectare 
Return on land and management 


Prime land $500 
Marginal land $100 
Stake treatment $ 8 


Fertilizer costs (using cneap sources of 

phosphorus such as rock phosphate) 
Prime land $ 75 
Marginal land $150 


Chemical weed control (optional. can be 
replaced by manual control) $ 50 


Labor requirements 
Manual land preparation and weeding 110 man-days 
Mechanical land preparation. manual weeding 90 man-days 
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Mechanical land preparation, early weed 
control by chemical means 65 man-days 


Mechanical land preparation $100 


The production costs on marginal land, with a reasonable return 
on land of $100/ha per year, using mechanical land preparation and 
chemical weed control and with a daily labor rate of $4, would be 
as follows: 


Production costs 
per hectare 


Return on land and management $100 
Fertilizer 150 
Stake treatment 8 
Chemical weed control 50 
Labor (65 days at $4/day) 260 
Land preparation __100 

Total $668 


It is also necessary to know what yield could be expected on a 
commercial basis using the inputs outlined above. Assuming the yield 
is 25 t/ha, then production costs on marginal land would be ap- 
proximately $27/t of fresh cassava. 


Comparison with other staples 

If the per-ton production cost of fresh cassava, allowing for farmer 
profit, is known, then the price at which fresh cassava becomes 
competitive with other commodities can be estimated from the 
following equations: 

As a substitute for rice 


P Fiee ars 4.9 P cassava 


As a source of industrial starch 
P starch 4 P cassava a7 50 


AS an animal feed 
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P Male oF sorghum “ey 3.125 P cassaes + 25 


As a source of alcoho! 
P atconol = (P sic /170) ate 0.2 


where P stands for price per ton for the cereals and fresh cassava 
and price per liter for alcohol. 

Thus if fresh cassava is produced for $27/t. as in the example 
given above. it would be competitive with sorghum or maize priced 
at 


ty 


3.125 X 27 + 25 = 109.375 

that is, $109.38/t, or more. Similarly, if fresh cassava is produced for 
$27/1, it would be an alternative source of fuel alcohol if the latter 
iS priced at 


DIVO. 0,2 = 0359 


or $0.36/1. or more. 
The major assumptions in the equations are 


* Rice: Fresh cassava and rice are compared, allowing for a large 
marketing margin for fresh cassava and also allowing for a 20 
percent higher value for rice due to its higher protein content. 

* Starch: For starch production. the figures used are derived from 
small-scale extraction plants. which tend to have high production 
costs and low extraction rates. 

© Chips: The production cost of chips is estimated at $25/t of chips. 
which is somewhat higher than the estimates of costs in Thailand. 
The cassava chips are assumed to have a market value of 80 percent 
of that of sorghum or maize for animal feed. 

© Alcohol: Alcohol production is assumed to be large scale, 17” .ers 
of alcohol per ton of fresh cassava. with a processing .ost of 
$0.20/1. 
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Appendix 2: Where to get 
technical assistance 
and information on cassava 





To get national programs moving. finding. technical assistance. 
and information from outside sources can be very helpful. This 
appendix describes only those agencies that have a specific interest 
in cassava. General sources of agricultural assistance are discussed 
in -lgricultural assistance sources published by the International 
Agricultural Development Service. 


Centro Internacional de Agricultura Tropical 
AA 67-13. Cali. Colombia 


CIAT is one of the major sources of new genetic material and 
improved technology for cassava growing. Although CIAT itself is 
situated at an altitude of 1000 meters. most of its varictal selection 
and technology development is carried out in hot. lowland sites that 
are representative of many of the cassava growing areas of the world. 

CIAT has a group of scientists working as a team to develop 
inproved technology. based on low-cost purchased inputs, to improve 
the productivity and utilization of cassava. The research program 
concentrates on crop physiology. entomology. pathology. plant nutri- 
lion. germ plasm collection and classification. plant breeding. agron- 
omy, tissue culture. and various aspects of utilization of cassava. 
With more than 2500 clones collected throughout the Americas, CIAT 
has the most comprehensive germ plasm collection in existence. This 
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collection has been sereened for useful agronomic practices. Clones 
with specific characters can be provided to national or local programs 
on request. The results of the research at CIAT are published in the 
annual reports of the center, which are available in both English and 
Spanish. 

Among the main products of the research and development program 
are new varieties and sexual seed derived from controlled crosses 
made to obtain specific combinations of characters. These materials 
can be obtained from CIAT for testing and evaluation by national 
agencies. Clonal material is available in the form of tissue culture, 
which minimizes the risk of introducing new diseases and pests. 

CIAT scientists have experience in the diagnosis of production 
problems and also program development. These scientists are free 
to visit any country and assist in the resolution of problems. Because 
of the pressure of requests for consultation, the scientists can usually 
visit countries for only short periods. Requests for help from African 
countries are norma!ly referred to IITA (see below). 

CIAT has a large training program, which ranges from short, 
intensive production courses to in-service training in which students 
may do thesis research for higher degrees. CIAT sometimes also helps 
with training courses run by national agencies. 

The Cassava Documentation Center brings together published 
information on cassava in the form of summarized and annotated 
bibliographies that are produced and updated on an annual basis. In 
addit‘on, literature searches on specific subjects or combinations of 
subjects can be obtained. The documentation center also publisnes 
a series of monographs and review articles about cassava. The services 
of the documentation center can be obtained for a small fee. The 
center 1s also always pleased to receive formal or informal information 
to be used in the Cussava newsletter, which is published quarterly. 


International Institute of Tropical Agriculture 
P.M.B. 5320. Ibadan. Nigeria 


IITA emphasizes development of an improved slash and burn 
culture. Within this framework, the tropical root crop program works 
with cassava, yams. and sweet potatoes. The cassava work is oriented 
toward developing improved germ plasm that is resistant to African 
mosaic disease and cassava bacterial blight. Most material is available 
in the form of sexual seed for later selection and evaluation by 
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national agencies. Research is also done on agronomic practices that 
are suitable for African conditions. 

IITA offers consultation and training that are especially tailored 
to meet the needs of African national programs. Rescarch results are 
published in the IITA annual report. 


Tropical Products Institute 
56-62 Gray’s Inn Road, London WC1X 8LU, United Kingdom 


TPI researches and gives technical assistance on post-harvest 
handling and marketing of a wide range of tropical products. It has 
considerable experience in cassava research, particularly in regard to 
fresh storage. solar drying. and the use of cassava as a wheat substitute 
in bakery products. The staff members spend much of their time 
overseas working with national program members. Requesis for such 
assistance should normally be placed through official government 
channels. 


Asian Institute of Technology 
P.O. Box 2754. Bangkok. Thailand 


AIT is both a research and a graduate training center. The scope 
of the work is broad. and in recent years. the institute has been 
directly involved in the development of improved cassava drying 
systems. AIT offers excellent graduate training opportunities for 
Asians. 


Central Tuber Crops Research Institute 
Trivandrum 695017, Kerala. India 


CTCRI is the base for the oldest major cassava program in the 
world. CTCRI has developed extremely effective agronomic practices 
and has a breeding program for the acid-infertile soils of southern 
India. In addition. a great deal of attention has been paid to technology 
transfer and post-harvest processing. Results from CTCRI activities 
are published in the annual reports and in the Journal of Root 
Crops. 
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Commonwealth Institute of Biological Control (CIBC) 
Gordon S1., Curepe, Trinidad 


CIBC has been active in collecting biological control agents for 
use with cassava. Stocks of predators and parasites are kept, and 
CIBC will help, on request, with the introduction and development 
of biological control problems. 


International Development Research Center (IDRC) 
P.O. Box 8500, Ottawa, Canada KIG 3H9 


IDRC has been one of the main sources of funds for the development 
of cassava projects by both international and national centers. The 
agency offers technical advice on setting up projects, financial assis- 
tance to run them, and scholarships for training personnel to work 
in and also to manage the projects. In addition, IDRC sponsors 
training courses and workshops on cassava. Proceedings of the work- 
shops have been published by IDRC. 


International Tropical Root and Tuber Crop Society 

c/o Dr. K. Caesar. Technical University of Berlin, Institute of Crop 
Science 

Albrecht-Thaer-Weg 5, D-1000 Berlin 33. German Federal Republic 


The International Tropical Root and Tuber Crop Society was 
founded by a group of scientists, mainly from the West Indies. It 
brings scientists together every 3 years at a symposium to discuss 
research findings. The symposia proceedings provide a wealth of 
information on cassava and other root crops. 
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Like other root crops cultivated on small farms in the tropics, 
cassava was neglected for some time by policymakers aud sci- 
entists. In the last decade. however. considerable attention has 
been given to cassava as a food. as an anima! feed. and as a 
fuel source. 

In this book. James Cock. leader of the cassava program at 
the International Center for Tropical Agriculture (CIAT) in 
Colombia. brings together the latest information on improved 
strains. modern production systems, better processing methods, 
innovations in siorage and marketing. and the prospects for 
using cassava to produce fuel alcohol. He also explores the 
cassava production proerams of several developing countries and 
offers suggestions for creating an effective national cassava pro- 
gram. The book will be useful to both policymakers and re- 
searchers. 
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